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PREFACE 


This hook has been written primarily for the first year medical student who 
is receiving instruction in the intricate anatomy ol the nen’ous s\stcm. It is 
hoped It will also serve others with approximately equivalent previous training 
who have an interest in the subject. The material has been gathered from mono- 
graphs. textbooks of anatomy and physiology and from the journals The ar- 
rangement and organization of the material is based upon the author’s experience 
as a teacher of first-year medical students. 

The sense organs arc given somewhat more attention than is necessary from 
a strictly neurological standpoint. This has been done because in many labora- 
tories the sense organs arc studied in connection with the nen’ous system rather 
than with the course in Histology and Microscopic Anatomy. The general treat- 
ment has been by functional systems, and considerable emphasis has been placed 
on functional aspects of the various divisions of the nervous system. AUo 
considerable use has been made of comparati\e anatomy because of the aid to 
understanding of structure and function which this affords. The entire purpiise 
has been to give the student a conception of the nervous system as a living 
active mechanism. 

The figures of the spinal cord and part of the brain stem have been drawn 
in outline from Pal-Weigert sections and schematized on the right hand side 
to show positions of cell groups, fiber tracts, etc., as indicated in various mono- 
graphs and other literature of ncuro-anatomyrThc left hand side has hcen filled 
m to show the appearance of the fibers in thcrscctions frort) which the drawings 
were made It is hoped that this arrangement \yill enable thi student to interpret 
more readily in functional terms the sections of brain stem and spinal cord usu- 
ally provided for study. 

As an ijitroduction to interpretation of clinical neurological pictures bv the 
student a brief description of some lesions in various parts of the nerx'ous svs- 
tem has been inserted at the ends of a mmiber of the chapters. To avoid con- 
fusion and to keep the anatomical basis of interpretation in the foreground tlicsc 
lesions and their effects have been stated simply and concisely. The purpose of 
the entire presentation is to aid the student to think as early as possible in tenns 
of functional anatomy. 

In preparing a book of this type one becomes indebted to so many individuals 
for suggestions and aid that it is impossible to make acknowledgment to all. I 
wish, however, to express my special indebtedness to Dr. Andrew" T. Rasmussen 
and to Dr. D. \V. E. Baird. To Dr. Ralph A. Fenton, tvho has read part of the 
manuscripr. and to my colleague. Dr William F. Allen, who has critically read 
all of it. my thanks are also due for criticism and help. 


Portland. Oregon. 


OLOF LARSELL. 
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CHAPTER 1 

TROPISMS AKD SIMPLE KERVOVS MECHA^^ISMS 

Protoplasm, “the physical basis of Hfc,” lias certain fuiulamenlal pro]->enies 
which distinguish it from nonliving substance. Among the chief ol these arc 
irritabiht) and the power to conduct stimuli. In the Protozoa, composed of a 
single cell, irritability, or the power to receive stimuli, togetlicr with the ahility 
to transmit the impulses produced to points removed from the field stimulated, 
are both properties of the individual cell- In addition the cell also perfonns 
the functions of metabolism, reproduction and other vital processes. It is usually 
stated that conduction is protoplasmic, the impulse traveling through the cyto- 
plasm of the cell from the point stimulated. It has been shoNvn that in some 
Protozoa, at least, there is a specialization of parts of the cell into an cbhorate 
neuromotor system This consists, e.g.. in raramoecium (Rees. 1921). of a 
neuromotor center, located anteriorly in the cell, from which radiate peri]>\ieraUy 
directed fihrds. These fibrils are connected with the basal granules of the cilia 
and with the trichocysts, Tliese systems conduct inipulses and coordinate the 
movement of cilia. There is thus fouml. even in one-ccllod animals, a .sjx'- 
cialized mechanism whose function is to bring about relatively quick responses 
of purposeful value to the organism. 

The various types of stimuli which produce response have been studied and 
classified under the general name iroptsms. If an amoeba is touched with a glass 
rod, for example, or other mechanical stimulus be applied, it will respond b}* a 
flow of its protoplasm away from the point stinitilaied. The flow’ of protoplasm 
begins at a point distant from the stimulus by tlie formation of a pseudopodium 
which slowly moves away from the point irritated. Presently the entire mass 
of protoplasm moves in the s.ame general direction. The fact that the pseudo- 
podium begins the movement before any activity of the main l>ody of prolo]>lasni 
is noticeable indicates conduction of an impulse through the protoplasm. 

Such a movement aw.ny from the source of stimulation is called a ncqnfivc 
irop^sm In the case cited h is designated negative thigwofropism or response 
to touch. Other tropisms produce responses toward the source of the stimulus 
as for example food The stimulus afforded hy food, which produces a positive 
response, is designated as positive silotrofhm. Other trojiisms, which mav he 
positive or negative, are fhofolrofism. or response to light; gak'mwlrothm or 
response to an electric current ; yco/ro/im,,. or response to the gravitation of’ the 
earth: dmnolnprsm, or response to stimulation l.y chemicals, etc A troniam 
may he defined as the tendency of protoplasm, whether composing a single celt 




TROPISMS AND SIMPLE NERVOUS MECHANISMS 


the cell processes, as well as by the distribution of certain processes to muscle 
cells and of others to sensory terniiiuitions. The natural path would thus be from 


the sensory ending or receptor, e.g., a sitrfacc of the 
body, along the stretched fiber (afferent) between 
it and the nerve cell, thence along a second stretched 
fiber (efferent) to the muscle filler or effector organ. 
As nerve cells became farther and farther separated, 
in the evolutionary process, by increase of body 
size of animals and complexity of structure of or- 
gans, the cells lost contact with one aitothcr. Con- 



nections in this type o! nervous system arc made 
temporarily by means of the synapse, fomied of 
delicate terminal processes of nerve fibers. Thus the 
ncr\’e network disappeared and a synaptic nervous 
system was established, according to Parker (1919). 

Rapid difiusibility of a ner\'e impulse to all parts 
of the body was lost but more precise conduction 
was established. The synapse serves as a one-way 

gateway for impulses, and is regarded ns the governing factor of the marked 
polarity of conduction in nerve cells. At the synapse there is resistance to the 


Fig I. — Effectors and 
Receptors. 

A, independent cfTector. D, 
simple receptor-effector C. 
complex type of receptor- 
effector systems (After 
Parker ) 



Fig. 2— Phylogenetic Development of Sensory Nerve Cells as Illustrated by Their 
Structure in Several Animal T\pes. (After Retzius.) 

A, ncuro-epithelial cell with nerve process to central nervous system as shown in the eartli- 
worm (Lumbricus). B, bipolar nerve cell, with peripheral termination in epithelium and cen- 
tral process to central nervous system, as sho%vn in the polychaet worm (Nereis) C sensory 
nerve cell with cell body migrated farther toward the central nervous system, as shown in a 
mollusc (Limax) D, sensory nerve cell as shown in a vertebrate. 


passage of the nerve impulse even in the normal direction and in normal nerve 
fibers. The impulse is delayed in its normal direction and is entirety blocked in 
the reverse direction. Certain drugs, such as strychnine, increase tile case with 
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or a many-cellcd organism, to react in a definite manner when subjected to 
external stimulation. 

In Metazoa the mechanism of response is much more elaborate, increasing in 
complexity from the lower to the higher animals and reaching its culmination 
in the human nervous s^’Stem. 

In the sponges a primitive type of muscle or cffccior tissue is found, but it 
has no nervous tissue connected with it. Sponges can contract and also can 
show a slow transmission of certain types of stimuli. This transmission how- 
ever is regarded as protoplasmic, rather than nervous, .conduction. Among the 
Metazoa, the sponges therefore show one fundamental feature of the veuro- 
muscular mcchauism, namely, the muscle fiber (Parker, 1919). Associated with 
this is the property of protoplasmic conductivity which is relatively sluggish, as 
compared with nervous conductivity. 

In Coelenterates there is found a specialization of cells of ectodermal origin 
into a nerve net. This is made up of cells and fibers, connecting adjacent cells, 
together constituting f>rotoneurons, “tbc primitive cell units of the iicr\'e net" 
(Parker, 1919). In these the protoplasm is modified so as to have a relatively 
high rate of conductivity. They are found under the surface epithelium of the 
body and receive nerve fibers from receptors in the surface ectoderm. They also 
give off nerve fibers to muscle cells of the body. Through this type of mechanism 
impulses are rapidly transmitted from any point stimulated to all parts of the 
body. There is both physiological and structural continuity of the cells of the 
nerve net, but these cells do not have close relationship with the muscle cells 
they activate. Conduction is diffuse throughout the net, and the factor which 
brings about a certain amount of coordinated movement of muscles is that 
stimuli acting on nerve cells already in activity do not produce new reactions 
through these cells, i.e., there is a refractory phase of the cells (Rogers, 1927). 
It has also been suggested (von Uexkuill, 1909) that impulses flow more freely 
into regions where the nerve net is stretched than into those not stretched. The 
processes of the protoneurons in stretched areas would thus simulate, tempo- 
rarily, nerve fibers as found in higher forms. 

The nerve net is of interest to the student of the nervous system, both because 
it represents the most primitive type of nervous system, as shown in Coelen- 
terateb and other lower forms, and also because it is regarded by many neurolo- 
gists as being present in vertebrates, including man, in the intestine and possibly 
in blood vessels. 

The Synaptic Nervous System. — Mention has been made of the apparently 
greater conductivity of the stretched portion of the nerve net than of the 
unstretched portions, in Coelenterates. This difference is regarded by many 
students of the nervous system as the first suggestion of polarity, a striking 
feature of nerve cells of the synaptic type of nervous system^ By polarity of 
nerve cells is meant the property they possess of conducting impulses always 
in the same direction. Polarity is undoubtedly increased by the lengthening of 
2 
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the cell processes, as well as by the distribution of certain processes to muscle 
cells and of others to sensory terminations. The natural path would thus be from 
the sensory ending or receptor, e.g., a surface of the 
body, along the stretched fiber (afferent) between 
it and the nerve cell, thence along a second stretched 
fiber (efferent) to the muscle fiber or effector organ. 

As nerve cells became farther and farther separated, 
in the evolutionary process, by increase of body 
size of animals and complexity of structure of or- 
gans, the cells lost contact with one another Con- 
nections in this type of nervous system arc made 
temporarily by means of the synapse, formed of 
delicate terminal processes of nerve fibers. Thus the 
nerve network disappeared and a synaptic nervous 
system was established, according to Parker (1919). 

Rapid diffusibility of a nerve impulse to all parts 
of the body was lost but more precise conduction 
was established. The synapse scr\'cs as a one-way 

gateway for impulses, and is regarded as the governing factor of the marked 
polarity of conduction in ner\'e cells. At the synapse there is resistance to the 



Fig. i. — E ffectors axd 
Receptors. 

A, independent effector. B, 
simple receptor-effector. C. 
complex type of receptor- 
effector systems (After 
Parker.) 



Fig. 2— Phylogenetic Development of Sensory Nerve Cells as Illustrated by Their 
Structure in Several Animal Types. (After Retzius.) 

A, neuro-epithehal cell with nerve process to central nervous system as shown in the earth 
worm (Lumbneus). B. bipolar nerve cell, with peripheral termination in epithelium and cen- 
tral process to central nervous system, as shown in the polychact worm (Nereis) C sensory 
nerve cell with cell body migrated farther towTird the central nervous system, as shown in a 
mollusc (Limax). D, sensory nerve cell as shown in a vertebrate. 


passage o£ the nerve impulse even in the normal direction and in normal nerve 
fibers. The .mpiilse is delayed m its nontial direction and is entirely blocked in 
the reverse direction. Certain drugs, such as strychnine, increase the ease iv.th 
3 
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which the nervous system of many ani- 
mals may be stimulated, apparently by 
lowering the resistance at the synapse. By 
the use of strychnine it has been shown, 
by A. R. Moore, that the neuromuscu- 
lar responses of Coclcntcrates arc not 
affected, no synapses being present. In 
b.diinodemis, which have a combina- 
tion of sjmaptic nervous system and 
nerve net, some effect is produced. In 
Crustacea and Molluscs, which have 
synaptic nervous systems, there is a very 
marked effect in increasing the response 
to stimulation. In mammals, as has long 
been well known, the neuromuscular re- 
sponses, after strychnine dosage, arc 
very striking and violent. These results indicate the chief stages in the evo- 
lution of the synapse. 

One result of the separation of the 
nerve net into anatomically and func- 
tionally distinct elements has been de- 
velopment of a number of structural 
types of nerve cells attd fibers. These 
may be grouped, functionally, into three 
fundamental categories, namely, rc- 
ccplors, correlators and effectors (Figs. 

1-4). The receptors are connected di- 
rectly or through various modifications 
in the form of sense organs, to surfaces 
of the body or to deep end-organs, and 
receive stimuli of various types. The cor- 
relators receive the impulses from the 
centrally directed branches of the re- 
ceptors and bring about a correlation 
with stimuli from other receptors. They 
are grouped together in large numbers 
in masses which constitute most of the 
central nervous system. The effectors 
convey the result of correlation to motor 
organs, muscles or glands producing con- 
traction or secretion, as the fundamental 
responses. These responses are designed 
to enable the organism to cope with its 
4 



Fro. 4 — DIAGRA^^ of Sensorv ano Aforon 
SvsTEM OF A Worm. {From Cajal, after 
Retzius and Lenhossek ) 


A, sensory cell of the cuticle; B, homo- 
lateral motor cells of the central ganglia; 
C, crossed motor cells; D, homolateral 
longitudinat motor cells ; E, multipolar 
motor cells; G, terminal ramifications of 
motor neurons on muscle fibers; I, intcr- 
gangUonic association cells. 



Fig 3 — Stacfs iw Divffjifntiation op 
Motor Cell Types. (After Parker.) 


A, protoncuron from nerve net of a 
coelentcratc. It, motor neuron of an earth- 
worm. C, motor neuron of a vertebrate. 


tropisms and simple nervous mechanisms 

environment, to secure food or to carry out the metabolic and reproductive 
processes. 

Anatomically and functionally distinct nervous units of this type having no 
direct continuity of protoplasm to adjacent nerve cells, are called nctirons. They 
constitute the units of which the sjnaptic nervous system of animals above 
the Coelenteratcs is composed. By their arrangement and their polarity they 
determine the pathways of ner\-ous impulses and the connections of these path- 
ways within the correlation centers of tlic nervous system. Tlie individual 
neuron, however, does not function alone but is arranged in chains to form 
physiological units. These may in turn be connected with other similar units, 
forming complex pathways. The simplest functional chain consists fundamen- 
tally of two neurons. The first receives stimuli from a receptor organ in the 
skin, in internal epithelial surfaces, or elsewlicrc. This function is accomplished 
in the least specialized types by a modification of the cell body or of the 
peripheral process of the neuron into a receptor mechanism or sensory end- 
organ. The nerve fiber between the receptor and the correlation center consti- 
tutes the afferent conductor. In the correlation center, in which is located the 
synapse, the impulse is transmitted to the second neuron. The second neuron 
relajs the impulse, through its efferent process, to the effector organ. Here 
it usually is transmitted through a special modification of the nerve fiber into 
the muscle or gland which produces the response. This chain constitutes the 
simplest type of rcjicx arc. It is probable that most reflex arcs, at least in 
higher vertebrates, consist of more than two neurons, one or more units usually 
being intercalated between the afferent and the efferent neurons of the arc. 
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CHAPTER 2 

DEVELOPMENT OF THE NEEVOUS SYSTEM 

The nervous system is derived in the embryo from a thickened zone of 
ectoderm, in the mid-dorsal region, called the neural plalc (Fig. 5, A). The 
lateral edges of this plate grow at a faster rate than docs the middle part, 
resulting in a iicural groove (Fig. 5, A'), with a neural ridge on each side. By 
deepening of the groove and by approach toward the mid-dorsal line of the 
neural ridge from each side (Fig. 5. 11 and C') with final meeting and fusion, 
a neural tube is formed (Fig. 5, D and D'). The ectoderm of the body surface, 
with which the neural ridges were continuous up to the time of fusion with 
each other, separates from the tube of ecto<lcrm and closes above it. The neural 
tube thus becomes detached and assumes a position below the body surface. 
Mesoderm migrates between it and the skin ectoderm. 

The neural groove begins to close near the middle of the body. The process 
of closing continues both rostrally and caudally. For a time there is an open- 
ing at each end called respectively the anterior and the posterior ucuropore. 
The formation of the neural tube in the body region results in the spinal cord. 
By the 15 somite stage of the embryo the closure of the tube has extended 
forward as far as the forebrain. The anterior neuropore has closed by the 20 
somite stage. The posterior neuropore disappears at the 30 somite stage. 

Before the brain region closes two constrictions appear, diriding this part 
of the neural plate into forebrain, midbratn and hindbrain. After closure is 
completed these regions constitute the primary brain vesicles. 

A neural cavity results from the formation of the neural tube. In the spinal 
cord region this eventually becomes the central canal. In the brain region it is 
transformed into the ventricles. The neural cavity has an elongated diamond 


Fig. 5. — Dorsal View of Human Embryos and Diagram of Transverse Sections 
Showing Development of Neural Tube. 

A, dorsal view of neural plate stage in human embryo Amnion partly removed. (Graf Spee, 
from KeibeJ and Mall) A', diagram of portion of a transverse section of an embryo as though 
taken through A at the line a' B, dorsal view of human embryo of ? somites in which neural 
tube IS not yet closed (Dandy, from Keibel and Mall ) B‘, diagram to represent a transverse 

. 1 .. .1 — *1 1. n _» i*.,g C', diagram to represent a trans- 

O at line c’ D, dorsal view of human 
. closed save at caudal end. (Kollmann, 
* nsverse section of an embryo as though 

’ ’aman Anatomy, 9th ed , P. Blakiston’s 
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shape in cross-sections of the cord in carlj’ stages. The lateral angles represent 
a longitudinal groove into the wall of the neural tube on each side known as 
the sulcus limilaus. It divides the lateral wall into a dorsal sensory alar plale 
and a ventral motor basal plale. These fonn lougUudmal calumns (Figs, 6 
and 8) which extend into the brain. Tlie ventral floor of the neural tube, which 
remains thin, is called the floor plate. The roof is the roof plate. The floor 



Fic. 6.— Diagrams ot the VtaTEBRAiE Bra\n to Snow the Forward Extent of Floor 
Plate, Basal Plate, Alab Plate and Roof Plate. 

A, alar plate; B, basal plate; F, floor plate; I, primllive infundibulum; &I, mammillary 
recess, N , notochord, O, preoptic recess; R, roof plale. A and B according to His, C and D 
according to Kingsbury 

piate and roof plate are ependytnai, but the lateral walls of the tube are made 
of neuroblasts, with an ependymal layer next to the ventricle. 

The point of rostral termination of floor plate and basal plate is a question 
of much importance in interpretation of bram morphology. According to His 
the floor plate continues to the infundibular recess and the basal plate to the 
preoptic recess. The more recent studies of Kingsbury indicate that the floor 
plate ends at the fovea isthmi, at the posterior end of the midbrain#'While the 
basal plate ends in the primitive infundibular recess at the rostral end of the 
midbrain (Fig. 6). According to this interpretation the motor column extends 
only into the midbrain, while the sensory alar plate is the foundation of the 
entire forehrain, including diencephalic and telencephalic structures. 
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T^^o of the three primary* brain vesicles each differentiates into two parts. 
The forebrain (prosencephalon) becomes divided into telencephalon and dien- 
ccphalon. The hindbrain (rhombencephalon) divides into metencephalon (cere- 
bellum and pons) and myelencephalon (medulla oblongata). The midbrain 
(mesencephalon) remains a unit Tlie result is five divisions of the brain which 
persist into the adult stage (Fig. 9). The further development of these divisions 
proceeds at very unequal rates of growth. 

The neural cavity of the hindbrain region widens into the fourth ventricle. 
At Its passage into the midbrain the neural cavity becomes constricted into the 



Fio 7 —Two Views of a His Model or the Drain of a 3 2 mm. Humai^ Emcrvo. 

A, surface view of right side; B, internal view of right Mall. From Jordan and Kindred, 
A Textbook of Etiihryology. D. Appleton-Cenlury Co., Inc., New York, 1937. 

cerebral aqueduct or aqueduct of Sylvius In the diencephalon it enlarges into 
the cleft-like space of the third ventricle, which extends to the lamina tcrminalis, 
the rostral boundary of the telencephalon. Lateral continuations from the third 
ventricle e.xtend into the cerebral hemispheres on each side as these are devel- 
oped as rostral and lateral outix)uchings of the telencephalon. The cavities of 
the hemispheres are the lateral ventricles They remain connected with the third 
ventricle by the interventricular foramina {foramina of Monro). 

The different rates at which the divisions of the brain grow at various periods, 
coupled with factors governing the development of the head, result in three 
flexures in the roof and floor of the brain The cephalic flexure appears in 
embryos of about 3 mm. in the region of the midbrain. This is followed by a 
cervical flexure and subsequently by a flexure. The cephalic flexure 

remains in the adult in reduced fonn, but the other two disappear with further 
growth of the brain. 

The MVELENCEPiiALON most closely resembles the spinal cord. In early stages 
a segmental arrangement is recognizable in this part of the brain in the form 
of six or seven neuroiiieres. The significance of these segment-hke stnictures 
9 
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shape in cross-sections of the cord in early stages. The lateral angles represent 
a longitudinal groove into the wall of the neural tube on each side known as 
the sulcus liiuitaus. It divides the lateral wall into a dorsal sensory alar plalc 
and a ventral motor basal plale^ These form longitudinal columns (Figs. 6 
and 8) which extend into the brain. The ventral floor of the neural tube, which 
remains thin, is called the floor plate. The roof is the roof plate. The floor 



Fig, 6. — Diagrams of the Vertebrate Braik to Show the Forward Extent of Floor 
Plate, Basal Plate. Alar Plate and Roof Plate. 

A, alar plate; D, basal plate; F, floor plate; I, primitive infundibulum; M, mammillary 
recess ; N, notochord , 0, preoptic recess ; R, roof plate. A and B according to His, C and D 
according to Kingsbury. 


piate and roof plate are ependymai, but the lateral walls of the tube are made 
of neuroblasts, with an ependymal layer next to the ventricle. 

The point of rostral termination of floor plate and basal plate is a question 
of much importance in interpretation of brain morphology. According to His 
the floor plate continues to the infundibular recess and the basal plate to the 
preoptic recess. The more recent studies of Kingsbury indicate that the floor 
plate ends at the fovea isthini, at the posterior end of the niidbrain<while the 
basal plate ends in the primitive infundibular recess at the rostral end of the 
midbrain (Fig. 6). According to this interpretation the motor column extends 
only into the midbrain, while the sensory alar plate is the foundation of the 
entire forebrain, including diencephalic and telencephalic structures. 
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of the rostral portion of this division. It arises as a bilateral structure which 
extends mediall}’ in the epend\-mal roof, to meet and fuse in the midplane. It is 
derived from the proprioceptive regions of the medulla oblongata. The pons 
develops on the underside of the mvelencephalon as a mass of fibers and nuclei 
closely related functionally to the cerebellum. 
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is a subject of disagreement among embrj'ologists. According to some authors 
the neuromeres represent a primitive metamerism of the medulla oblongata 
corresponding to that of the spinal cord. Others regard them as transient fea- 
tures due to growth factors in the brandiial region. 

The nerves of the medulla oblongata do not show the typical dorsal and 
ventral roots seen in the spinal nerves. Two of them, the Vlth and the Xllth, 
correspond to the anterior roots of the spinal nerves by reason of their position 
and the fact that they contain only motor fil)ers. The Vllth, IXth, Xth and 
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Fio. 8 — Diagrammatic Cross-Sfction Through top Medulla Oblongata at Levfx 
OF THE Vagus Nerve. 
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This shows the four principal functional columns on left side, and the distribution of 
afferent and efferent fibers from the^e columns, including special somatic afferent fibers from 
the ear and special visceral efferent fibers to the brandiial musculature. (After Herrick and 
Ranson.) 


Xlth nerves, however, emerge from the lateral surface of the medulla oblongata 
and have both sensory and motor fibers. Phylogenetically they are the nerves 
of the branchial arches. 

The RHOMBENCEPHALON does not remain a tube like the spinal cord save at 
its lower end. The greater part becomes flattened into a shallow trough with 
gently sloping walls. The roof plate becomes greatly widened into the epend)Tnal 
roof of the fourth ventricle. The alar plate has a lateral and slightly dorsal 
position and the basal plate has a ventromedial position. They are separated 
by the sulcus limitans, which in the medulla oblongata persists in the adult. 
The sensory nuclei of the bulb develop in the alar plate and the motor nuclei 
in the basal plate. Each plate is subdivided into somatic and visceral columns. 

Metencephalon — Dorsal to the anterior part of the myelencephalon the 
cerebellum is developed as an upward gro^vth of the rhombic lips and the floor 
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cells the spongioblasts, and to actively mitotic cells, the germinal cells of His 
(Fir. to). The spongioblasts differentiate into ependymal cells and neuroglia, 
which become the connective tissue framework of the central nervous system. 
The germinal cells give rise to neuroblasts. The cellular basis of the nervous 
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Pig 10 — Transverse Sections of tjie Neural Tube Illustrating Early Stages in 
ITS Histogenesis 

. 1 , from rabbit embryo before closure of neural tube; B, from 5 mm pig embryo. Just after 
closure of neural tube, C, from 7 mm. pig embryo; D, from 10 mm. pig embryo (After 
Hardesty, Am J Anal , 1904, Vol. 3.) 


s\stem. with the exception of one element of neuroglia known as microglia, is 
thus derived from ectoderm. The micrc^lia is apparently derived from meso- 
dermal cells which have migrated into the ectodermal mass, and form a special 
element of the connective tissue comparable to the histiocytes of connective 
tissue elsewhere. 
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Mesencephalon.— The midbrain remains tubular but its floor, walls and 
roof become greatly thickened by development of large nuclear masses. The 
basal plate shows the motor nuclei of the Illrd and IVth nerves. The teg- 
mentum also develops in the floor plate. The alar plate gives rise to the superior 
and inferior colliculi, receiving fibers from the retina and the cochlea, respec- 
tively. As the connecting part of the brain between cerebrum and myelen- 
cephalon, the ascending and descending paths ikiss through the midbrain in the 
cerebral peduncles. 

The DiENCEpiiALON, On the basis of Kingsbury’s interpretation of brain 
morphology, has neither floor plate nor basal plate. The roof plate expands 
into a folded ependymal membrane in connection with which the chorioid plexus 
of the third ventricle is formed. The alar plate becomes greatly thickened. 
Three regions are formed, namely a dorsal cl'Uhahtiius, an intermediate and 
lateral thalamus, and a ventral hypothalamus. The epithalamus includes a dorso- 
caudal outgrowth, the phical body or epiphysis, which is now regarded as a 
gland whose function, however, is unknown. The nervous nuclei which develop 
in the epithalamus have to do with integration of somato-ol factory impulses. 
The thalamus becomes differentiated into a nunil)er of nuclei which are in part 
relay stations for chiefly somatic Impulses, and in part correlation centers. The 
hypothalamus has to do with visceral reception and correlation. Attached by a 
stalk to the floor of the hypothalamus is the hypophysis, an important gland 
of internal secretion. It is derived, in part, from the floor of the embryonic 
diencephalon. 

The TELENCEPHALON IS formed entirely from the alar plate and the roof 
plate. As in the diencephalon the latter is expanded into ependymal folds con- 
nected with the extensive chorioid plexuses of the lateral ventricles. The rostral 
end, the lamina icrminalis, of the forebrain vesicle remains as a morphological 
landmark between the two hemispheres, which are formed as outpouchings of 
the rostrolateral walls of the forebrain vesicle. The ventrolateral wall on each 
side thickens and difTerentiates into the nuclei, including the caudate, the puta- 
men and the globus palUdns, which constitute the striate body. The remainder 
of the outgrowth becomes the pallium, which differentiates into archipallnim, 
with olfactory connections, and tteopallium which is nonolfactory. The neo- 
pallium becomes the predominant part of the brain in man. 

Neural Crest. — As the neural tube is being pinched off from the overlying 
ectoderm, a ridge of cells (Fig. 5, C' and D') is formed on each side in the 
fold between the neural tube and the skin ectoderm. At first this is a continuous 
band, the neural crest. As development prt^p^ses it becomes segregated in each 
body segment into a pair of primordial ganglia, representing the incipient dorsal 
root ganglia in the region of the spinal cord and the sensory ganglia of the 
cranial nerves in the head region. 

Differentiation of Neural Tube — The neural plate consists at first of 
generalized ectodermal epithelium. This gives rise to differentiated epithelial 
12 



DEVELOPMEKT OF THE NERVOUS SYSTEM 

cells, the spo}ig!oblasts, anJ to actively mitotic cells, the germinal cells of His 
(Fig. to). The spongioblasts differentiate into ependymal cells and neuroglia, 
which become the connective tissue framework of the central nervous system. 
The germinal cells give rise to neuroblasts. The cellular basis of the nervous 
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Fig 10 — Transverse Sections of the Neural Tube Illustrating Early Stages in 
ITS Histogenesis. 

//, from rabbit embryo before closure of neural tube; D, from s mm pig embryo, just after 
closure of neural tube; C, from 7 ram. pig embryo; D, from 10 mm. pig embryo. (After 
Hardesty, .^^in J. Anat., 1904, Vol. 3 ) 


system, with the exception of one element of neuroglia known os microglia, is 
thus derived from ectoderm, The microglia is apparently derived from meso- 
dermal cells which Have migrated into the ectodermal mass, and form a special 
element of the connective tissue comparable to the histiocytes of connective 
tissue elsewhere. 
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The mitotic germinal cells are found between the outer ends of the resting 
epithelial cells in the neural plate stage. When the neural tube is formed the 
germinal cells retain their original position, but the outer surface of the plate 
has now become the inner surface of the tube. Mitotic figures and proliferation 
of cells are accordingly found bordering on the lumen of the neural tube. The 
cells resulting from this proliferative activity migrate away from the lumen, 
and as a result the wall of the tithe becomes stratified. 

Three layers may soon be seen in the tulic wall (Fig. lo, B). The innermost 
is the ependymal cone, including the germinal cells. The cell bodies of this 
zone lie against the internal limiting membrane. The processes of the ependymal 
cells extend toward the outer surface of the tube. The germinal cells arc ovoid 
or rounded cells without processes. The second layer is the mandc cone, made 
up of many layers of nuclei, the number increasing as the embryo grows. This 
zone is usually described as a syncytial mass of cytoplasm, but recent studies 
appear to confirm the earlier view of Ramon y Cajal that it is made up of 
distinct cells. It develops into the gray substance of the nervous system. The 
outer layer is the uiarffiiial ronr, containing no cells. It eventually receives 
processes from neurohlasts of the spinal cord, the dorsal root ganglia and the 
brain. After a large proportion of these processes acquire myelin sheaths the 
embryonic marginal zone becomes the white substance of the nervous system. 

Each ncnroblast gives rise to a process (Fig. n) at one end of the cell which 
by growth becomes the axon. It may attain a length of several feet in the cord 
and some of the long nerves before growth ceases. Dendritic processes arise 
from the opposite pole of the cell. In the simplest type of sensorv* neurons, the 
bipolar cells, the primitive condition of a process at each end of the cell is 
retained. In spinal and cranial ganglion cells, save those of the Vlllth nerve 
ganglia, the bipolar condition becomes modified by secondary growth of the 
cell and fusion of the proximal parts of the processes into the unipolar type. 
Multipolar cells are formed by expansion of the cell body into the bases of 
the dendritic branches or by outgrowth of more than one offshoot from the cell. 

The processes of most of the cranial and dorsal root ganglion cells elongate 
into peripheral and central rami. They make up the sensory fibers of the cranial 
and spinal nerves. Some of the neurohlasts from the dorsal ganglia migrate 
ventralward and give rise to the S3anpathetic ganglia. 

The ventral roots of the spinal nerves and the corresponding parts of cranial 
nerves are formed by axons of cells in the basal plate of the neural tube which 
grow outward. They meet the peripheral dorsal root processes and become 
enclosed in a sheath with them as the common nerve trunk 

In the ganglia of the spinal and cranial nerves the ectodermal connective 
tissue elements become differentiated into capsule or satellite eells and sheath 
cells. The satellite cells are flattened elements in a capsufe which is formed 
about each ganglion cell The sheath cells surround the processes of the nerve 
fibers, at first encircling bundles of fibers. Wth proliferation of sheath cells 
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individual fibers are surrounded and the cells form a tube-like ncurolemmal 
sheath about each fiber. 

A viycliii shcafh is formed about many of the fibers of the central and the 
peripheral systems. In the latter the myelin sheath lies between the neurolenima 
and the axis cylinder According to some accounts the myehn sheath is a product 
of the neuroleinma cells, while others point to the ax'is C3'3fndcr as chiefly respon- 
sible for its formation. Sheath cells in the form of oligodendroglia are present 
in the central nervous system, but not in the tul>c-like arrangement characteristic 
of peripheral nerves. That the axis cylinder plays an important part in the 
maintenance of myelin, and therefore, probably, in its formation, is indicated 



Fic II — Development of Neuroblasts in Neural Tube. 



A, transverse section of spinal cord of human embryo of five weeks, sliowins neuroblasts 
of ventral nerve root and spongioblasts (After His.) li, individual neurobJasts in chick em- 
bryo of three days, showing ncurofibrils and growing tip (After Cajal.) From Arey, Peve/- 
opticutal Anatomy, 3rd ed , W. B. Saunders & Co, Philadelpliia, 1934. 


by the fact that the myelin sheath degenerates if its nerve fiber is severed from 
the cell body. The degeneration takes place, primarily, distal to the point of 
injury. 

The nervous system of mammals below man, and of lower vertebrates, 
shows various modifications of the fundamental plan of structure represented 
by the development of the brain m the embryo. The embryonic history is a sort 
of synopsis of the structural development of the nei^’ous system from the lowest 
to the highest vertebrates. In fishes the brain-stem is present, together with a 
striate body in the forebrain. The pallium of the cerebrum is represented only 
by a non-nervous membrane. The beginning of cerebral cortex appears in the 
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amphibians as a thin layer of gray substance related to the olfactory centers. 
This archicortex becomes increased in reptiles and there appears the beginning 
of a neocortex. In lower mammals, like the marsupials, the archicortex is pre- 
dominant, but the neocortex gains the ascendancy in development of the mam- 
malian nervous system, and is predominant in man. 

The cerebellum, which together with the cerebral cortex, is a suprasegmental 
structure, likewise undergoes gre.at modification in its evolution from lower to 
higher vertebrates. In the lampreys it is present only as a commissural mass. 
In the good swimmers among the fishes, with a well coordinated muscular 
mechanism, the cerebellum is relatively large and well difTcrentiated. In am- 
phibians it is reduced, but in reptiles, birds and mammals it has undergone 
progressive enlargement and elaboration, reaching its highest development in 
man. 

Many of the centers of the brain-stem undergo differing degrees of develop- 
ment in various types and species of vertebrates according to their habitat and 
sensory equipment. Thus the blind fishes of the Mammoth Cave have greatly 
reduced optic lobes in keeping with their lack of use of this nerve center. Man 
has greatly reduced olfactory centers corresponding to his reduced olfactory 
sensory equipment. 



CHAPTER 3 

STRUCTURAL ELEMENTS 
THE NEURON 

The neuron is the unit of structure of the nervous system It consists of a 
cell body, the perikaryon, and a miml)cr of processes (Fig. 12). One type of 
process, called the dendrite, is a protoplasmic extension of the nerve cell which 
serves functionally to receive stimuli and to conduct them toward the peri- 
karj'on. Dendrites branch and spread out. as a rule, like the liranches of a bush 
(dendron) from which they get their name. It is probable also, as was pointed 
out by Golgi, that dendrites serve as nutritive processes A second type of 
process, called the axon or ncuritc, is a somewliat more specialized structure 
which serves to carry the impulse away from the perikaryon to another neuron 
or to an effector organ. The axon is a slender process of uniform diameter, 
which arises from a conical elevation of the perikaryon known as the implanta- 
tion cone or a.ron hillock. This is free of Nissl substance. Axons have collateral 
branches which are given off at intervals. Structurally as well as functionally 
neurons, as a rule, show polarity. In some, as those of the dorsal root ganglia, 
there is no histological difference between the fibers which conduct toward the 
perikaryon and those wliich conduct away from it to the central nervous system. 
Developmentally these neurons undergo changes which convert the peripheral 
dendrite into a nerve process similar to the axon. 

The PERIKARYON IS characterized by a large vesicular nucleus and by gran- 
ules of chromopJul substance in the cytoplasm. This substance occurs as rounded 
granules o.I to 2 microns in diameter, but usually the granules arc aggregated 
together as Nissl bodies. These are coarser m motor neurons than in sensory or 
correlative neurons They extend into the dendritic processes but not into the 
axon In living nerve cells the chromophil substance is not visible, a fact which 
has led some to consider the Nissl bodies as artefacts. Methods of technique, 
however, which rule out the possibility of precipitation due to reagents, show 
Nissl bodies in the same arrangement as do sections prepared by ordinary 
methods. Chemically the chromophilic substance is regarded by many authors 
as a nucleoprotein related to the chromatin of the nucleus. It is believed to 
contain iron and to store oxygen. The activity of the nerve cell is more or less 
explosive. This t>'pe of action, it is believed, is made possible by the organiza- 
tion of the chromophilic substance in such a manner that it is oxidized through- 
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out the nerve cell almost instantaneously. “Thus a very small stimulus may 
liberate a large amount of energy with explosive sutUlenness" (Herrick, 1927). 
Nissl bodies are affected by injury to the nerve cells or their processes. The 
chromophilic substance disintegrates and stains only diffusely or not at all by 



Fig. 12. — ^Diagram of a Neuron 

ah, axon hillock; ax, axon; e., cytoplasm, the Nissl granules have been stained; d, den- 
drons, »«., myelin sheath of the nerve 6ber; in'., muscle fiber; nucleus; nucleolus; 
tf. of u , nucleus of the neurilemma of the nerve fiber ; n.R., node of Ranvicr ; s collateral ; 
sL, segment of Lantermann; tel, telodendrion or terminal arborization which here forms 
a motor end-plate. {After Barker.) From Jordan, A Textbook of Histology, D. Appleton- 
Century Co , Inc., New York, 1937. 
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Unipolar sensory Ranglion cells, sluming different f>-pcs of arrangement of the fiber 
vvtthm the capsule. Cajal method simple hamlle; B, capsule; D, satellite cells. From' 
Cajal, Histology, Wm Wood & Co, Baltimore, 1033 


tite method of NissI or its niodificatiotis. 
This is a fact of great importance to the 
experimental neurologist and the patholo- 
gist 

Neurofibrillae. — These are delicate 
threads in dendrites, perikarj'on, and axon 
which are made visible by certain mctho<Is 
of staining, as with silver nitrate and 
methjkne blue (Fig. 20). They tuive been 
demonstrated by microdissection in living 
nerve fibers of invertebrates, but in the 
vertebrates this method has given negative 
results Recently, however, they have been 
demonstrated in living ganglion cells of 
chick embryos Tliej' form a complicated 
network within the cell body and extend 
to the finest branches of dendrites and 
axon. They have been described as pass- 
ing into adjacent neurons at the synapse, 
but CarteJmez and Hoerr, and Bodian, 
especially, among many others, have shown 
that they are probably confined to one 
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Fig. 14 — Bipolar Ganglion Cells 
FRO.M THE Vestibular Ganglion op 
Scarpa. 


A, central process ; B, peripheral proc- 
ess, Cajal method. From Cajal, IlistoU 
Wtn. Wood S' Co., Baltimore, 1933. 
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neuron. Functionally they arc regarded as the chief conductors, within the 
neuron, ol the nervous imimhc. 

Nerve cells possess mitochondria, an internal reticular apparatus of Golgi, 
and in the embryo, while still capable of mitosis, they have a centrosomo. In 
mammals proliferation of nerve cells appears to cease at about the time of 



Fic. 15. — Deiflopikc Spijtai. Ganglion Crtxs. 

A, B, unipolar cells , E, bipolar cell ; C, V, F, G. transitional forms between the bipolar 
and the unipolar stages, H, small cell; a, netirofibnls. Cajal method. From Cajal. Histology, 
Wm Wood &: Co, Baltimore, 1933. 

birth and the centrosomc disappears or becomes modified. Various other inclu- 
sions are found in the cytoplasm. 

While nerve cells show a great variety of form, size and structure, accord- 
ing to their location and function, it is com'enient to classify them into three 
main structural types, namely, itntpolar, bipolar and multipolar (Figs. 13-J1). 
Unipolar cells are found in dorsal root ganglia and ganglia of the cranial nerves. 
Bipolar cells are found, in adult mammals, only in the vestibular and cochlear 





STRUCTURAL ELEKtENTS 


ganglia. Multipolar cells arc found throughout the central nervous system and 
in the sympathetic ganglia. The unipolar and bipolar cells arc sensory nerve 
cells, the multipolar cells include all other functional types, both motor and 
correlating. They show a great variety of subtypes. 

The SYNAPSE is the point of contact between nerve processes at which the 



Fic. jO.— PURKINJE CfcU. OF HUM/N CFREBELLU^^ 


<J, axi5 cylinder: b, collateral from axis cylinder; rf, spaces occupied 
method From Cajal, Htstology, \Ym Wood & Co. Baltimore, ipjj 


by basket 


cells. Golgi 


nervous impulse is transmitted from one neuron to another. There are many 
t.vpes of srnaptic conneetion, from simple, cluh-Iike swellings fFig ■>■) at 
the ends of nerve fibers, known as tonmrn tcnuman.r. to complex periedlular 
basket, on the surface of cell body or dendrrte. Recent studies indicate that 
there ,s a memhrane at the synapse (Fig 26) which the neurofibrils do not 
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liridgc. The nremlirane is made up of the suijcrricia! cytoplasm of the two 
related iKOrotls. The two sides of the otemhranc arc unlike in structure and 
in fxmctional properties. 




STRUCTURAL ELEMENTS 

united to the nerve cells secontlarilj- is no longer held. Likeivisc the conception 
of Deiters that the nerve fibers form a reticulum within the central nervous 
system has been discarded. In 1891 Waldeycr formulated the .acclinmlated 
cmhryological, pathological, physiological, and other evidence regarding the 
individuality of the nerve cell into the neuron doctrine. As modified, this 
doctrine now holds, briefly, th.at the neuron is the unit of structure of the 
nervous system, and also the ultimate functional unit. Nerve fibers arc regarded 



as specialized protoplasmic processes of the nerve cell, but are integral parts 
of the neuron. The neuron therefore consists of a cell body, or perikaryon, 
together with dendrites and their branches, the axon and its collaterals, and the 
terminal or synaptic processes of dendrites and axon. 

Nerve fibers are classified into m3'elmated (Fig. 24) and unmyelinated, 
each type being further subdivided according to whether or not the fibers have a 
neurolemma. There are thus four structural types. The essential feature of all 
IS the axis cylinder, which may be an axon or the peripheral (cmbryologically, 
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dendritic) process in the case of sensor)- neurons. Myelinated, as well as un- 
myelinated fibers possessing a neurolcmnia, together with some naked nen-c 
fibers, arc found in the peripheral nerves and the sympathetic system. Mye- 
linated fibers with no neurolemma, together with unmyelinated fibers also with- 
out neurolemma, arc characteristic of the central nervous system. The sheaths 



», axon; x, dendrite. (After KoIIiker ) From Jordan, A Textbook of Histalogi’. D. Apple- 
ton-Century Co., Inc., New York, *937 


are not continuous throughout the length of the nerve fibers. TTie myelin sheath 
undergoes degeneration in the distal part of myelinated nerve fibers which 
have been severed. Due to chemical chains it is possible to stain such degen- 
erating fibers differentiaily (by the Marchi osmic acid method). This fact 
is of great importance in the study of the nervous system. 
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Nerve fibers usually are found in bundles save near tJjcir teniimations. 
Within the central nervous system the bundles constitute fiber tracts and are 
usually made up of aggregations of the same functional type, passing from 



Fic zg — PYSAHWAh Cell of Cerebrum of RABBtr. 

Type of cell \%ith long axon, a, basilar dendnies; b, apical dendrite and branches (/>) , 
c, collaterals of axon ; e, axon ; I, white substance of brain , p, telodendrites of apical dendritic 
process. Golgi method. From Cajal, Histology, Wm. Wood & Co, Baltimore, 1933 
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one part o{ the nervons system to asrortwr. In the peripheral nerves the buiKllcs 
are composed of many futictional tj'pcs of fibers, since these nerves serve as 
trnnks of distrilnition of die ^•ario^1S kinds of sensory fibers to their scKmcntat 
skin areas, and also distribute motor fillers to the muscles at various levels. 
By the sympathetic trunk, rvhich is connected with the spina! nerves, and its 
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Frfl. 20— NFRVE CeIIS SiIOWI.NO NFU»OPIBRILI.Ar. 

A, cquatonat plane; B, superficial plane, a. b. superficial bundles of neurofibriliae ; c, 
permuclear plexus of neurofibriliae; d. spaces occupied of Nissl granules, surrounded by 
fine network of neurofibriliae , D, small nerve cell From Cajal, iiisiohpy, Wm Wood & 
Co, Baltimore, 1933 

branches, both afferent and cfTerctit fibers also are distributed to the viscera and 
the blood vessels. 

Peripheral nerve trunks (Figs. 32 and 33) are formed by the converging 
of individual fibers from areas of skin and from the individual fibers of muscle 
to form small bundles. These unite with similar bundles to form larger ones, 
the smaller bundles becoming encased in a ojmmon sheath of connective tissue 
These in turn become encased within a common sheath of epineurium with 
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other bundles, until there results the final main nerve trunk attached to the 
spinal cord or to the brain stem. The larger nerves are made up, as seen in 



Fin 21 — Basket Cell of Cfjiebfllum of Rat- Golgi Mf-tiiod 
From C J Hernck (after Cajal), Introtliiclhn to Ncurolony, 5 tii ed , W. P Sauiidcrs 
&. Co , Philadelpliia, 1931. 

cross-section (Fig. 32) of bundles 
of fibers, known as fumcuU. Each is 
surrounded by a definite sheath of 
connective tissue, the pcnnciiriiim. 

\\’ithm each funiculus titcrc is a net- 
work of delicate strands of connective 
tissue, the emloncurium, binding the 
fibers together It is continuous with 
the perineurium of the funiculus. 

The functional types of fibers 
composing a nerve vary with the part 
of the nerve examined The cutane- 
ous nerves are composed entirely of 
somatic afferent fibers sen mg sen- 
sory terminations in the skin, to- 
gether with sonic visceral efferent 
fibers to sweat glands, cutaneous 
blood vessels, and tlie muscles of the 
hairs. The afferent fibers carry' sev- 
eral types of stimuli, as e.g., touch, 
pressure, heat, cold, etc. It is usually 
thought that each type of stimulus 
has its specific nene ending Woollard 
has demonstrated separate receptors for pain and cold. Probably each has its 
separate nerve fiber but this point has not been established It must be recog- 
nized that different types of nerve eiidmg.s may send impulses through common 
27 



Fig. 22 — Motor Nerve Cell Showi.vc 
Nissl Granules. 

a. axis-cylinder; b, Nissl bodies; d, nucleus; 
c, spongioplasm ; e, mass of Nissl substance 
at division of dendrite. (Thionm stain.) 
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Fic. 23 — Myeli- 
nated Nerve 


Fibers. 

a, node o£ Ran- 
vier, b, interseg- 
mental cement disc, 
blackened by silver 
nitrate; d, axon; 
f, g, nuclei of neu- 
rolemma cells , e, 
Schmidt-Lanter- 
mann segment. 
C a ] a 1, Histology. 
Wm. Wood & Co 


nerve fibers. The segregation of specific fiber tracts in the cord 
suggests tliat the functional fibers are specific. 

The muscular nerves arc made of motor fibers terminating 
in motor end plates on individual striated muscle fibers, to- 
gether with afferent proprioceptive fibers. The latter termi- 
nate as ueurotmtsnilar or tteuroteiulinous spindles. When 
activated by musailar movement these endings give rise to 
.stimuli of muscle sense which give information, frequently 
not coming to consciousness, of the position and stretch of 
muscles .and joints, thus coordinating muscular movement 
through their central connections. 

Tile processes of nerve cells var)’ in length. Golgi made a 
classification of Types I and 11 , according to the length and 
distribution of the axons of cells in the central nervous sys- 
tem. Golgi cells of Type I have long axons with few col- 
laterals and arc adapted for rapid transmissions of stimuli 
for considerable distances. Golgi cells of Type II have short 
axons with many branches which terminate near the cell from 
which they originate. There arc many intermediate forms of 
cells. The axons of some neurons attain a length of several 
feet in man, as for example. the upper motor neurons of the 
corticospinal tracts. In this case the cell bodies (Betz cells) 
are located in the precentral gyrus of the cortex, while the 
terminal processes of many of these cells extend to the lumbo- 
sacral region of the spinal cord. Likewise the peripheral proc- 
esses of spinal ganglion cells supplying skin areas of the 
hand and foot, for example, extend from the nerve endings 
in the skin of these parts to the dorsal root ganglia of' the 
lower cervical or upper thoracic nerves, in the one case, or to 
the corresponding ganglia of the sacral nerves in the other. 
The size of the perikaryon also varies from a diameter of 
four microns, for the granule cells of the cerebellum, to a 
diameter of about 80 microns in the case of ventral horn cells 
of the cord. 


NEUROGLIA 

The specific functional elements of the nervous system 
are the nerve cells and their processes, but these are held in 
place and aided in their function by another element called 
neuroglia. This may be considered, in general, as the connec- 
tive tissue of the nervous system. Like the latter it is derived, 
with the exception of the microglia cells, to be described, from 
28 
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the ectoderm. Ordinarj’ connective tissue of mesodermal origin is widely dis- 
tributed, m the central nervous system, in tile sheaths of the blood vessels, fonii- 
ing with the vessels the main beams of support, ilesodermal connective tissue 
abso constitutes the major part of the nieningcal membranes and the coverings 



A B 

Fig 24. — Diagram of M^'elikated Ner\e Fibers. 


A, a, sheath of Schwann; b, node of Ramier; c, lines of Fromann; c, mj-elin; f, incisures 
of Lantermann, li, nucleus of neurolemma cell; g, c>1oplasm of neurolemma cell; i, axis 
cjlinder 

B, A and B, protoplasm of sbealh cells; D. C, nodes of Rainier; n, incisures of Lanter- 
mann showing hooplike structure, b, c, vacuoles, e, nucleus of neurolemma cell; t, longi- 
tudinal bands; E. longitudinal band greatly magnified From Cajal, Histology, Wm. Wood & 
Co., Baltimore, 1933. 

of the peripheral nerves, save the ncutolemma. The neuroglia, however, is the 
Iirincipal connective tissue element both of the brain itself and of the' spinal 
cord. 

In the broad sense neuroglia may be regarded as including the ependymal 
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cells of the adult, the astrocytes, oligodendrocytes, and imcrogliocyfes of the 
central nervous system, the satellite or capsidc cells of peripheral ganglia (dorsal 
root and sympathetic) and the netirolemma cells or cells of the sheath of 
Schxvann of peripheral nerves. These are all derived from ectoderm. The 
microglia cells, mentioned above, are also included with neuroglia, but are 
derived from mesoderm. 

A clear picture of the neuroglial elements can best be obtained by consid- 
ering briefly tlicir histogenesis. The neural plate of the cmbrj'o early is made 
tip of epithelial cells of ectodermal origin. 
These give rise to spongioblasts and ger- 
minal cells. The spongioblasts are differ- 
cntialc<l epithelial cells, which by further 
differentiation give rise to various types of 
neuroglia cells (I'ig. 27). The gcnninal cells 
proliferate by mitosis and give rise chiefly 
to ncuroblasts. but some may form spongio- 
blasts. According to Schaper some of the 
germinal cells retain the potentiality of 
forming ncuroblasts or spongioblasts for a 
considerable time. The spongioblasts of early 
development asstnne a pscudostratified ap- 
pearance by migration of some of the nuclei 
away from the border of the central canal or 
ventricle toward the periphery. They also 
send processes to the surface which terminate 
as small expansions at the e.xternal limiting 
membrane of the nerve tube. The inner end 
of the cell lies against the inner limiting 
membrane. This end develops cilia, which re- 
main, in parts of the nerK’OUS system, into 
adult life. Some of the spongioblasts migrate 
Fig 25— Nerve Cell Showing outward With increasing thickness of the 

Terminal Clues P^^lIDINE SiL- medullary wall, they may lose their contact 

with the inner limiting membrane. These 
become the astroblasts of Lenhossek. Some also lose their connection with the 
pia and become astrocytes. Those which retain their pial contact form the 
snbpial ueuroglia. In the cerebellum very long pial processes are retained by 
the astrocytes, constituting the fibers of Berginann. From the third month and 
later, in human development, the spongioblasts which migrate into the wall of 
the nerve tube from the epend)rmal epithelium give off processes which tend to 
become attached to blood vessels, thus obtaining anchorage. The processes of 
other neuroglial elements interlacing with the free processes of the anchored 
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cells result in a special connective tissue bed in which the nerve cells and fibers 
are maintained in place. 

Four main types of neuroglial elements are usually recognized in the adult, 
namely, ependymal cells, astrocytes, oligodendrocytes, and microgliocytes. 

Ependymal cells are the modified epithelial cells (Fig. 28) which line the cen- 
tral canal of the cord and the ventricles of the brain. W'herever the wall of 
the ncr\-e tube remains relatively thin in the adult, as at the ventral fissure 
of the cord and the median raphe of the hind brain, the peripheral processes 
continue to the pia mater and attach to the latter by a pial foot. In the thicker 
walled portions of the central nervous system the peripheral processes of the 



Fig. 2O— Several Large Myelinated Vestibular Fibers Ending by Means of Clue- 
SiiATED Tfrminals ON Latf.ral De.sdrite (rf) OF Mauthnf.r’s Cell. 

Note arrangement of neurofibnls in axons ainl in dendrite, and the difference in the caliber. 
Dendrite cut obliquely From D. Bodtan, J. Comp. N enrol , 1937, 68:147. 

ependymal cells merely extend a greater or less distance into the brain or cord 
substance. In thin or non-nervous parts of the brain, as the epithelial layer 
of the chorioid ple.\us, the ependyma retains its simple epithelial structure m 
the adult Neuroglia has been described as a reticular syncytium, but newer 
methods of technique show individual cells, both enibryologically and in the 
adult 

Astrocytes or Macroglia (Fig. 29) are stellate cells subdivided into fibrous 
and protoplasmic astrocytes. The latter type has protoplasmic processes which 
branch freely in all directions Some of these processes have perivascular feet 
by means of which the cells are anchored to blood vessels. The protoplasmic 
processes surround nerve cells and fibers. The fibrous astrocytes have fibers 
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in the prolopiabm of the processes and cxtemling ihroiigli tlie cdl bodies. Tbc 
processes do not branch as freely as in the protoplasmic type. As in the latter 
type one or more of the processes arc ancliorcd \iy iK-rivascttlar feet to blood 
vessels within the nervous su!>stancc. 

As subtypes of astrocytes there arc: (i) perhasadar astrocytes whose fibers 
form a meshwork about the blood vessels, chiefly the larger ones; (2) imr(;inal 
glia cells, just unrlcr the pia mater of the ccrchriim. whose fil)ers extend paraUel 



Fic 27 — Nrurogma from TitK SriNAL Conn of a Fftai. Fig. 

Ttie portion above shows tiic result of tire Golgi stain; below, that of a hematin and Congo 
red stain a. inner layer of neuroglia, atboining tlic central canal ; f». boundary between the 
nucleated and mantle layers of neuroglia: es, connective tissue; r/>, ependyma; in. mantle 
layer, tint, middle or nucleated layer of neuroglia; mz'. wnlra) raphe; A I'** mater; n radial 
filaments of tiie neuroglia X32n (After Hardesty ) From Jordan, A Textbook of Ilistohsfy, 
D. Appleton-Century Co , Inc . New York, 1037. 

to the pia and into the brain substance. These cells have ptal feet of attachment 
and may have perivascular feet. (3) a third subtype is the subpial astrocyte, 
characteristic of the cerebellum Tlte cell bodies lie in the granular layer of 
cerebellar cortex, but give off long, straight processes, the fibers of Bcrgmann, 
which attach by terminal feet to the pia; (4) satellite astrocytes of Cajal lie 
close to nerve cells and have protoplasmic processes surrounding the latter; 
(5) vrixed type astrocytes of Cajal Irave both protoplasmic and fil)rous processes. 
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OucoDEtJOTOCUA (Fig. 29) have few and sni-all processes without fibers 
and without perivascular feet. The cell body is snmller tlian that of astrocytes. 
There are three main subtypes, namely, (i) pcrmmroml salcllilcs, ( 2 ) l>cn- 
vasailar safeltilcs, and (3) iiticrfasciailar glia. The latter is characteristic of 
the white matter of the central nen'ous system, the cells occurring in rows 
between the mjelinated nerve fibers, with occ.asionaI astrocytes and microcytes 
interspersed. The processes of these cells wrap about the imclinated fibers, 
forming a loose network. The perivascular satellites have their cells attached 



Fic. i8 . — Developmew OP Neoroclu. 
(Redrawn in part after Bailey ) 


to capillaries in both gray and white matter, while their processes c.xtend into 
the surrounding field. Pen'nenronal satellites of this group give off processes 
which surround the nerve cells .and continue into the surrounding field. 

Ohgodendroglia cells appear to have a part in the form.ation of myelin 
in brain and cord, serving the function here which the neurolemma cells serve 
in peripheral nerves. The perineuronal satellites of this group are regarded as 
similar to the c.apsular cells ol spinal ganglia. Oligodendroglia appears to serve 
a nutritional function for the neurons, rather than a supportin.^ function 
In the peripheral nerves the cells of the sheath of Schwann°and the capsular 
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in the protoplasm of the processes and extending through the cell Iwdics. The 
processes do not branch as freely as in the protoplasjnic type. As iti (he latter 
type one or more of the i>roccsscs arc anchored by perivascular feet to blood 
vessels within the nen'ous substance. 

As subtypes of astrocytes there arc: (j) pcrkwciilaf aslrocyfcs whose fibers 
form a me.shwork about the bUxHl vessels, chiefly the larger ones; (2) imrgijial 
glia cells, just under the pia mater of the cerebrum, wIjosc fibers extend parallel 




STRUCTURAL ELEMENTS 

or satellite celh of spinal, and probably of sympathetic ganglia, are of ecto- 
dermal origin. It is likely that they correspond functionally to oligodendroglia 
of the brain and cord. The sheath of Schwann is regarded as indispensable in 
the formation of myelin in peripheral nerve fillers. Tlie capsular or satellite 
cells are held to serve a nutrient function for the ganglion cells. 

Microglia or IMesoglia of Hortega (Figs. 2S and 29) was included by 
Ramon y Cajal with oligodendroglia as his third clement of the central nervous 
system. It is now recognized that microglia is derived from the mesoderm, 
thus having an origin different from nen-e cells and the other types of neuroglia. 
The cells are small, with elongatcil or triangular nuclei. The c\toplasni is finely 
granular and has delicate processes with small terminal spines. Fibers and 
perivascular feet are absent. The cells arc scattered throughout the central 
nervous system and are more numerous in the gray matter than in the white. 
There are two subtypes, namely, (i) perivascular satclViles, and (2) pcfi- 
ucuroual saicUilcs, distinguished from the ohgotlcndroglia cells of the same names 
by their cytoplasmic and nuclear characteristics, and by their processes. 

Microglia is now regarded, functionally, as part of the reticuloendothelial 
system. The cells have capacity for active movement, phagocytic activity and 
transportation of materials. They arc the only cells of the nervous system 
in which these functions have been demonstrated. Microglia is recognized as 
having great significance in many pathological conditions of the central nervous 
sjstem. 

Functionally the different types of neuroglia appear to be fairly distinct. 
Ependymal cells, in the adult, form the lining of the ventricles and the central 
canal. The cells, with their nuclei, form a relatively thick internal limiting 
membrane from which branching protoplasmic processes e.'ctcnd into the thick 
walls of brain and cord. Tticse processes interlace uith each other and with 
processes of astrocytes and other neuroglial elements Tite ependyma can there- 
fore be regarded as a sort of foundation upon which the other supporting 
elements of the neuroglia are superimposed In the embryo, and so far as the 
cells retain cilia, in the adult, the movement of the cilia probably aids in the 
flow of cerebrospinal fluid in the ventricles and central canal. 

Because of their attachments to pia mater and blood vessels within the 
central nervous system, and because of their fibers, astrocytes arc regarded 
as the connective tissue proper of bram and cord, supporting and binding 
together the nervous elements. It has been suggested that astrocytes constitute 
a gland of internal secretion; also that by contraction of their processes they 
may affect the synaptic connections between neurons. 
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Fic 29 — Types of Neuroglia 

A, fibrous astrocytes, with processes ending as perivascular feet ona blood vessel and other 
processes ramifying into the nervous tissue. B, protoplasmic astrocyte, with perivascular feet 
at tips of some of the processes, and other processes branching freely. Gliosomes are present 
as granules both in the cell bodies and in the processes of both types of astrocytes. C, satellite 
oligodendroglia cells in relation to a nerve cell, occurring in the gray substance, of brain and 
cord. D, interfascicular oligodendroglia cell occurring in the white substance of the central 
nervous system. E, microglia cell m relation to two nerve cells. (From Jordan, after Penfield 
and Cone.) 



CHAPTER 4 

METHODS OF STUDYJHG THE NERVOUS SYSTEM 

The results obtained by investigators of the nervous system are more readily 
understood if the student has some knowledge of the methods employed. These 
methods may he grouped as anatomic, physiologic, and pathologic, cacli supple- 
menting the other. The anatomic methotl may be subdivided into comparative, 
microscopic and experimental. The physiologic method is both comparative and 
experimental. The pathologic method seeks to gain knowledge of structure and 
function of different parts of the nervous system by checking pathologic lesions 
in the nervous system with careful clinical histones taken prior to death of the 
patient studied. It involves both gross and microscopic anatomy. 

THE METHOD OF COMPARATIVE ANATOMY 

The comparative anatomical method is based on the study of the nen'oiis 
systems of animals with different habits and various combinations of sensory 
equipment. For example, the cat fish, Amciurtis, lias a greatly enlarged system 
of taste buds, found not only in the mouth, but on barblcts extending from 
the surface of the head. It has been found that the brain centers to which 
the gustatory fibers pass are also larger than corresponding parts of the brains 
of other fishes w’ith a less developed peripheral gustatory apparatus. The infer- 
ence is justified that the central nuclei involvetl are concerned with gustatorv 
reflexes Since the brain-stem of man lias the same structural pattern as that 
of fishes, as comparatu-e studies liavc also shown, the inference is justified 
that the corresponding nuclei in man and mammals also are gustatory. Experi- 
mental studies have confirmed this inference. 

Another valuable feature of the comparative method lies in the fact that the 
nervous system of lower vertebrates is, as a nile, less complex tlian that of 
man. Yet the fundamental pattern has been found to be the same. Detailed 
microscopic studies of lower forms thus may provide paradigms upon wldcU 
an understanding oi the more complex pattern may he based. They also serve 
as a basis for experimentation on more complex nervous systems Many of 
the fundamental facts and concepts of neurology have been obtained bv the 
comparative method. ^ 
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METHODS OF STUDYING THE NERVOUS SYSTEM 

affinit)- of nen-c cells and fibers in the living condition for nicthUene blue. 
Surrounding tissues are shown very lightly stained or not stained at all. It is thus 
possible to follow nerve processes for long distances in whole mounts or thick 
sections of tissue. Various modifications of the methylene blue technique have 
also given valuable information about details of structure of cells and fibers. 
The methylene blue technique has been especially valuable in the study of nerve 
terminations. 

The Nissl Method.— Meth>lcne blue can he used to stain fixed material. 
The modification devised by NissI, in its various adaptations, has been of great 
value in localizing nuclear masses, as wcU as in the study of cell types. The 
stain has a special affinity for the Nissl granules or tigroid substance in nene 
cells. This substance undergoes chromatolysis when ner\'e cells or their processes 
are injured. The chroniatolysis requires about two weeks for completion in 
mammals. Experimental lesions aflfecting fiber tracts, followed by use of the 
Nissl method on the nerve centers on animals killed after an interval sufficient 
for chromatolysis to be accomplished, has jicldcd most important infonuation 
as to the relation between fiber tracts and central nuclei. 

The Weigert METitoD stains myelinated nerve fibers only. It depends on 
the fact that nen’ous tissue, fixed in potassium dichromate, retains the myelin 
of myelinated fibers when subsequently passed tlirotigh the fatty solvents stich 
as alcohol, xylol, etc., wliich are usually employed in preparation of sections 
of tissue. When copper sulphate is added to the solution a mordanting action 
occurs which makes the myelin stainablc by hematoxylin. Xomial myelinated 
fibers and fiber tracts can be stained selectively by this method, which has been 
invaluable in mapping out the course of nerve fiber bundles. The Pal^JFciffcrt 
method is a modification usable after fixation in formalin. 

Flechsig, applying the Weigert method on the central nervous system of 
fetuses of four nionths and later, has worked out the sequence of myelination 
of many of the fiber tracts. Because different tracts acquire their myelin 
sheaths at different stages of fetal development, he has been able to trace the 
course of the tracts and has added greatly to our knowledge of their origins and 
terminations 

The March! Method. — It was shown by Waller in 1852 that severed 
nerve fibers undergo degeneration (wallcrian degeneration) distal to the level 
of section. It is now known that this is due to cutting off the distal part of the 
fiber from its trophic center, the cell body. The degeneration of the axis ctlinder 
is accompanied or followed by degeneration of the myelin sheaths. The latter 
undergo chemical changes which make the fatty substances, after a proper 
interv-al, reduce osmic acid if the tissue has previously been fixed in potassium 
dichromate. The droplets of myelin of the degenerated fibers become black- 
ened by the osmic acid, while the surrounding nonnal nervous tissue has a 
yellowish color. It therefore is easy to follow the course of degenerated fiber 
tracts in serial sections. The Marrfii method has many pitfalls but is indis- 
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HISTOLOGIC METHODS 

Microscopic study of the nervous system involves special techniques for 
the staining or impregnation of the various tissue elements which form the 
brain, spinal cord and nerves. Nerve cells and fibers, as well as neuroglia, 
may be stained by ordinary histologic methods, but special methods have been 
found necessary for revealing the processes of nervous tissue. These methods 
have yielded a wealth of information. They may be described as impregnation 
methods and staining methods. 

Impregnation Methods. — Gold chloride in solution, acting on nerve cells 
or fibers, properly prepared as by previous immersion in lemon juice or foftnic 
acid, will, when exposed to light, form a precipitate on the nervous tissue which 
differentiates the latter from other tissues. The precipitating action can be 
stopped at the desired point by immersing the tissue again in the acid. The 
stained tissue may he mounted in glycerine or glycerine jelly. The method 
is of value for nen’e endings, but does not afford much histological detail. 

The Golgi Method. — I n 1873 it was announced by Golgi that pieces of 
the central nervous system previously saturated for a considerable period in 
potassium dichromate solution, when placed in a solution of silver nitrate, 
acquire a black impregnation on some of the nerve cells and their processes. 
Not all of the cells are stained, a point of great value m view of the numerous 
processes po.sses5ed hy neurons. It is therefore possible to follow the various 
branches of individual cells for long distances in thick sections. The Golgi 
method and its modifications, involving the use of osmic acid with the potassium 
dichromatc, thereby hastening the action, have yielded some of the most impor- 
tant facts in our knowledge of the types of nerve cells and their connections. 

The reduced silver nitrate method of Ramon y Cajal has as its basis 
the fact that nervous tissue, projwrly prepared hy fixation beforehand in cer- 
tain mixtures of fluids, has a selective affinity for silver nitrate. By employing 
a reducing reagent such as pyrogallic acid or hydroquinone, the non-nervous 
tissues remain yellowish in color while nerve cells and fibers acquire a brown 
to black color. The nerve processes and cells can thus readily be distinguished 
and studied in sections. Many important details of the finer structure of nervous 
elements have been obtained by this method. 

The PYRIDINE-SILVER METHOD of Ranson is a modification of the method 
of Ram6n y Cajal. It involves treating the tissue with pyridine after fixation 
in ammoniated alcohol. The tissue is then treated with silver nitrate for some 
days, placed into a reducing mixture, and prepared for sectioning. A number 
of modifications of the reduced silver nitrate methods designed for staining 
sections instead of blocks of tissue have been devised by Bielschowsky, Rogers, 
Davenport and Bodian. 

The INTRAVITAM METHYLENE BLUE METHOD, first elaborated by Ehrlich and 
improved for nervous tissue by Dt^iel and Bethe, depends upon the selective 
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affinity of nerve cells and fibers in the living condition for methylene blue. 
Surrounding tissues are shown very lightly stained or not stained at ali. It is thus 
possible to iollow nerve processes tor long distances in whole mounts or thick 
sections of tissue. Various modifications of the methylene blue technique h.ave 
also given valuable information about details of structure of cells and fibers. 
The methylene blue technique has been especially valuable in the study oi nerve 
terminations. 

Tlie Nissl Method.— Methylene hliic can he used to slain fixed material. 
The modification devised by Nis.sl, in its various adaptations, has been of great 
value in localizing nuclear masses, as well as in the study of cell types. Tlie 
stain has a special affinity for the Nissl granules or tigroid substance in nerve 
cells. This substance undergoes chroinatolysis when nerve cells or their processes 
are injured. The chromatolysis requires about two weeks for completion in 
mammals. Experimental lesions affecting fiber tracts, followed by use of the 
Xissl method on the nerve centers on annuals killed after an interval sufficient 
for chromatolysis to be accomplished, has yielded most important information 
as to the relation between fiber tracts and central nuclei. 

The Weigert jiethod stains nijelinated nerve fibers only. It depends on 
the fact that nervous tissue, fixed In potassium dichromate, retains the myelin 
of myelinated fibers when subsequently passed through the fatty solvents such 
as alcohol, xylol, etc., which are usually employed in preparation of sections 
of tissue When copper sulphate h added to the solution a mordanting action 
occurs which makes the myelin stainablc by hematoxylin. Normal myelinated 
fibers and fiber tracts can be stained selectively by this method, which has been 
invaluable in mapping out the course of nerve fiber bundles. The Pal-Wcigcrt 
method is a modification usable after fixation in formalin. 

Flechsig, applying the Weigert method on the central nervous system of 
fetuses of four months and later, has worked out the sequence of myelination 
of many of the fiber tracts Because different tracts acquire their myelin 
sheaths at different stages of fetal development, he has been able to trace the 
course of the tracts and has added greatly to our knowledge of their origins and 
terminations. 

The Marchi Method. — It was shown by Waller in 1S52 that severed 
nerve fibers undergo degeneration (wallcrian degeneration) distal to the level 
of section It is now known that this is due to cutting off the distal part of the 
fiber from its trophic center, the cell body. The degeneration of the axis cylinder 
IS accompanied or followed by degeneration of the myelin sheaths The latter 
undergo chemical changes which make the fatty substances, after a proper 
interval, reduce osniic acid if the tissue lias previously been fixed in potassium 
dichroniate The droplets of myelin of the degenerated fibers become black- 
ened by the oslnic acid, wliile the surrounding normal nervous tissue has a 
yellowish color. It therefore is easy to follow the course of degenerated fiber 
tracts in serial sections. The March! method has many pitfalls but is indis- 
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peiisable in tracing the fiber tracts from tlic site of an experimental 
lesion. 

Method of Extirfation. — Von Gtidden devised the method of extirpating 
sensory organs, such as the eye, in very young animals, subsequently studying 
the brain for regions of developmental arrest. Miicli information as to location 
of sensory centers was obtained by this method, which supplements the method 
of comparative anatomy. 


PHYSIOLOGIC METHODS 

Physiologic methods have consisted fundamentally of studying the results of 
extirpation or of stimulation of parts of the nervous system in the living animal. 
The two methods have complemented cadi other. Strychnine serves as a nen-'c 
stimulant apparently through lowering synaptic resistance. This fact has been 
utilized, especially by Dusser dc Barenne, in studying the activity of circum- 
scribed nervous areas. Selective depressants, such as nicotine, applied to s>Tn- 
pathetic ganglia, have also been used in greatly enridilng the store of knowledge, 
not only of activity of different parts of the nervous system, but of location 
of many of the functional centers. 

Pawlow developed the metliod of studying cortical activity by means of the 
conditioned reflex. In recent years this method has been combined with the 
methods of experimental lesions and the Nissl and March! degeneration methods 
for obtaining more e.xact information regarding the location of centers respon- 
sible for various functional activities. In the hands of Lashley, Allen and others 
this combination of methods is producing most valuable results. 

A detailed account of the numerous methods employed would be very volumi- 
nous. Enough has been said to illustrate the types of technique emplojed and 
to give the student a slight basis on which to evaluate the results obtained. 



CHAPTER 5 

nerves and ganglia 

The brain and the spinal cord constitute the central nervous system Nerves 
and ganglia, connected with the brain and cord, form the peripheral nervous 
system. The latter is in turn subdivided into cranial and spinal nerves and tlic 
so-called sympathetic system. The sympathetic system, however, is in part a 
component of both cranial and spinal nerves. The other components of those 
nerves terminate in end-organs, sensory or motor, which have to do with the 
relations of the body, primarily, to its external environment in capture of food, 
avoidance of danger, etc. These functions are usually referred to as somatic and 
the parts of the nervous system involved form the somatic system. The sympa- 
thetic system and related parts of the central apjiaratus arc concerned witli the 
processes of secretion, contraction of smooth muscle, digestion and excretion, the 
reproductive processes, etc. In general tliey Iiave to do with visceral functions, 
and will be referred to as the visceral system. 

The SPixAL nT.nviis in man number thirty-one pairs, including 3 -Ccrvical, 
12 dorsal, 5 lumbar, 5 sacral, and i coccygeal. Each arises from the cord typi- 
cally by two roots, a dorsal and a ventral, which unite to form a common nerve 
trvmk (Fig. 30). The ist cervical nerve emerges from the vertebral canal 
between the occipital bone and the atlas. The 8th cervical emerges between the 
“th cei^’ical and the ist thoracic vertebrae. The ist cendcal nerve sometimes 
lacks the dorsal root, which typically is smaller in this nerve than the ventral 
root. The dorsal root of the spinal nerve has a swelling made of cells and fibers 
called the dorsal root ganglion (Figs. 30 and 31). The ventral root has no 
swelling and is made up entirely of fibers. 

It was first suggested by Ceil (1811) that the ventral roots are motor. 
Magendie (1822) demonstrated experimentally that the dorsal roots of spinal 
nerves are sensory and the ventral roots are motor. This important generaliza- 
tion is known as the law of Bell-Magendie or the law of the roots. The common 
nerve trunk resulting from union of the two roots contains both afferent and 
efferent fibers. 

The DORSAL ROOT gaxgua typically lie just outside the point where the 
dorsal roots penetrate the dura mater, and in the inten.*ertebral foramina. The 
dorsal ganglia of the sacral nerves lie within the vertebral canal, and the ganglia 
of the rst and 2nd cervical nen.-es lie on the arches of the atlas and the axis, 
respectively. The dorsal root ganglion is occasionally absent in the ist cen'ical 
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nerve. The dorsal and ventral nerve roots penetrate tlic dura mater separately 
and each is covered peripherally by a continuation of this membrane. Where the 
roots join, the dural sheath becomes continuous with the epincurlum of the 
common nerve trunk. 

The ganglia are enlargements of ovoid form made up of nerve cells which 
give rise to the sensory filjcrs. Itach cell has a single offshoot mIucH branches 
in a T or Y manner into two processes, one of whidi oasses centrally into the 
cord and the other passes peripherally into the nerve. The centripetal root fibers, 
on leaving the ganglion, collect into a bundle which breaks up into a scries of 
rootlets. These enter the cord along the dorsolateral sulcus in a narrow longi- 
tudinal zone. The rootlets spread fanwisc from the ganglion to the sulcus, in 



Fig 30 — DiACRAst or Typical SpiHal Nerve in Tiioracjc Region. 

From Gray, Anatomy of the HumaH Body, Tea and Febiger 

such a manner that the entire cord segment is included between the uppermost 
and lowermost twigs. 

The ventral root fibers have their origin from multipolar cells in the ventral 
and intermediolateral gray columns of the cord They emerge as a series of 
rootlets somewhat irregularly placed along the boundary zone between the lateral 
and the ventral funiculus. The emerging rootlets begin at the top and continue 
to the bottom of each cord segment. They also have a fanlike arrangement, the 
apex being formed by the rootlets converging distally to form the ventral root 
trunk. 

The CosraroN Nerve Trunk. — ^Dorsal and ventral roots unite just periplieral 
to the dorsal root ganglion to form the common nerve trunk, thus made up of 
mixed sensory and motor fibers. This mixed trunk is the spinal nerve and 
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emerges from the vertebral canal through the intervertebral foramen. Immedi- 
ately after emerging it divides into posterior and anterior primary divisions. A 
short distance distal to the dividing point into these branches one or more com- 
branches to the sympathetic chain ganglia are given off from the 
ventral division. A smaller recurrent branch to the meninges and blood vessels 
of the cord also arises from the common trunk, sometimes with twigs from the 
communicating branches. 

The posterior or dorsal primary division suiipHes the back. The anterior or 
ventral primary division innervates the lateral and anterior parts of its respective 



Fic. 31.— PoRTioiJ OF A Sensory Gangi-ion. Metuylene-blue. 

A, cell with compact glomerulus; B, cell with diffuse glomerulus; C, large cell with polar 
glomerulus; E, cell whose axon forms an arc of a circle after it leaves the glomeruhts; E, P 
cells with simple glomeruli; H, cell without glomerulus; c, beginning of myelin sheath’ 
From Cajai. « 

body segment. -Each subdivides into branches which supply skin and muscles 
I Figs. 32 and 33). The cutaneous nerves are made up almost entirely of afferent 
fibers whose receptors lie in the skin. Tliese receptors are of many types, cle- 
senfaed in Chapter 6. The muscular rami consist chiefly of motor fibers,' ter- 
minating as motor end plates, on the muscle fillers Intermingled with the motor 
fibers are numerous afferent fibers of nmscle-sense. Both cutaneous and mttsen- 
lar nerves have, m addition, fibers to the blood vessels both of skm and muscles 
The cutaneous bundles also convey pilomotor fibers and secretory fibers to the 
sweat glands. 

The dorsal division of all the spinal nerves remain distinct, but the ventral 
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divisions arc distinct only in most oC the thoradc nerves. The cervical and upper 
thoracic ventral divisions branch and anastomose to form the cervical and 
brachial plexuses. In like manner the lumbar and sacral ventral divisions form 
the lumbosacral ple-xus. The brachial plexus supplies the upper extremity and 
the lumbosacral supplies the lower limb. Both extremities thus arc innervated by 
the anterior divisions of the spinal nerves. 

Section of a cutaneous nerve shows a histological picture of myelinated and 
unmyelinated fibers. The myelinated fibers arc of large size, 15 to 20 microns 
iu diameter. They terminate in various of receptors such as pacinian 

corpuscles, Meissner’s corjmsclcs, etc. Unnyclhiatcd fibers arc of two groups. 
Small fibers of one group pass to sweat glands and the smooth muscle of the 
erectores plU. These are derived from the sympathetic ganglia and must be 



Fig. 32 — Section of Ulnar Nebv^ Osmic Acid. 


regarded as visceral motor fibers distributed to heat regulating mechanisms, etc., 
in the skin. The second group of unmyelinated fibers are of larger caliber and 
terminate as free ner\-e-ending5 which ramify in the stratified squamous epithelial 
layer of the skin. There are also nerve endings about the hair follicles which 
are stimulated by movements of the hairs, and which are connected with mye- 
linated fibers. There are thus produced several t\*pes of afferent impulses, all 
belonging to the general cutaneous sense-organ which receives stimuli from the 
outside world. The impulses are conducted centrally by the myelinated fibers of 
the cutaneous nerves. 

The iniisaihr nen’cs consist also of myelinated and unmyelinated fibers. The 
latter are chiefly vasomotor fibers from the sympathetic chain ganglia. The 
former are chiefly motor fibers to motor end-plates, but intermingled as above 
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noted, and not to be distinguished histologically, are muscle-scnse fibers which 
terminate in neuromuscular spindles. 

The individual fibers from the various end-organs in the shin converge to 
form small nerve bundles. These in turn unite to form successively larger ones, 
and thus the cutaneous nerves, which are chiefly sensory, are built up. Entering 
into their structure also arc the vasomotor, pilomotor and sccretorj' fibers of the 
sweat glands, as already noted. The muscular nerves likewise are formed by 
aggregations of individual fibers to form small bundles, which in turn unite into 



Fig. 33 — A F\jNictn.U 5 or a Human Ulnar Nerve. 


larger trunks. Cutaneous and musailar ncr\'cs unite to fonn the common nerve 
trunks. 

Whttc and Gray Conunumcating Rami, — ^In addition to the main division of 
spinal ner\’es into dorsal and ventral rami the nerves from the ist thoracic to 
the 2nd to 4th lumbar body segments have branches tvhich connect tvi'th the 
corresponding ganglia of the sympathetic trunk (Figs. 30 and X03). These are 
called tlte ranit commuiiicantes. Tliey are of glistening white color because 
made up of myelinated fibers. In addition to the white rami, the thoracic and 
upper lumbar spinal nerves have also one or more gray ranii co)itnitinica)it^s 
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connecting them with the sympathetic chain ganglia. They arc, in general, 
parallel with the white rami, lying close to llicni. The other spinal nerves have 
gray rami only, made up of unmyelinated fibers of Remak, They convey these 
fibers from the sympathetic chain ganglia, in whicli arc located the nerve cells 
giving rise to the fibers to the spin,il nerve trunk, to he ilistrihmcd by it and its 
branches. 

The pregaitejUonic fibers, i.e., those passing through the wliitc rami to the 
ganglia, have their origin from cells in the inicnnetliolalcral column of the spinal 



Fig. 34 — Cross-sectios or Human Vidian Nfrve, Osmic Acid 
A, section throug-h entire nerve, showing large and small myelinated fibers and area of 
unmyelinated fibers (unstained) in the great superficial petrosal nerve, with only a few 
myelinated fibers, and large area of unstained unmyelinated fibers in the deep petrosal nerve. 
B, area designated by X in A, more highly magnified. 


cord (Fig. 103). Their terminations are in the ganglia, either of the sympa- 
thetic trunk or of collateral ganglia, such as the celiac. Typically they are small, 
myelinated fibers, 1.5 to 4 microns in diameter. In the ganglia they make synaptic 
connections with the cells of the unmyelinated postganglionic fibers distributed 
as above described. Both, therefore, are visceral motor fibers, arranged in a 
chain of two links. The preganglionic neuron of the chain connects, through its 
terminal branches, with many postganglionic neurons. They thus diffuse the im- 
pulses they carry to many gland units or smooth muscle fibers. 

Afferent Fibers . — In addition to the small myelinated preganglionic fibers, 
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white rami contain some myelinated fibers of large size (lo to 20 microns). 
These are not interrupted in the chain ganglia, bv\t continue through them into 
the splanchnic and other visceral nerves attached to the sympathetic trunk (Fig. 
103). These fibers in the viscera terminate in a number of types of receptors, 
stimulated by visceral processes of various kinds On reaching the spinal nerves 
through the white ranu these large myelinated fibers enter the dorsal roots, to 
reach the cord through them. Their cells are located in the dorsal root ganglia. 

The spinal ner\-cs therefore consist of several main functional types of fibers, 
which at least between the white rami and the junction of dorsal and ventral 
roots, are four in number, namely, somatic afferent, visceral afferent, visceral 



Fic. 35 — CRoss-SECtioN OF THE Trunk of the Homan Vagus Nervf., So.me Distance 
Bk.ow the Nowjse Gakcuoh, Showing IktYrciNATcu aho Unmyecinated Fibers. 

Pyridine silver X680. From Jordan, A Textbook of Histohffy, 71!} ed , D. Appleton-Century 
Co, Inc, New York, 1937. (After Ranson.) 

efferent and somatic efferent. The somatic afferents serve cutaneous sense. The 
somatic efferents supply the voluntary muscles, which, in general, relate the 
position of the body with reference to its environment. The visceral efferents 
supply smooth muscle and glands, wherever located, and visceral afferents con- 
vey to tlie cord stimuli from visceral receptors which produce visceral reflexes. 

The Dermatome. — Each pair of spinal nerves supplies a segment of the body, 
in keeping with the fundamental metameric pattern. The anterior roots primarily 
supply efferent fibers to the segmental musculature. Their branches may be 
carried far from their segment of origin by migration of muscles during em- 
\>ryonic development, but the roots retain their segmental pattern. The anterior 
roots in addition contain efferent fibers which reach the blood vessels of the 
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skin, serving a vasoconstrictor function. Tlicy also contain fibers to the sweat 
glands and the erector muscles of the liairs. The posterior roots carry sensory 
fibers primarily, but there are indications of \';isodilator fibers also. The evidence 
concerning the latter is conflicting and there is no accord on the question at 
present. The area of skin supplied by the spinal roots of a given nerve is known 
as a (lennatomc. Most of the dermatomes o\erlap so tliat sensation is not en- 
tirely lost in the skin after section of the sensory root of a given body segment. 
Section of adjacent nerves 0!J both sides is necessary to completely destroy sen- 
sation or to abolish vasomotor effects in the skin. The area of distribution of 



Fic 36 . — Section of Vagus Nervf- of Rabbit, Showing Myixinated Fibeiis of Various 
Sizes, and Spaces Betwef.n Larcfey Occutifj) bv Unstained Unmyelinated 
Fibfbs blv.. Blood Vessel, Osmic Acid. 

tactile fibers from a given nerve is greater than that supplied by pain and tem- 
perature fibers. 

Fwtctional Types of Fibers . — From study of the electric currents found in 
nerve fibers during conduction of stimuli (action currents) it has been found that 
different rates of oscillation are conveyed by fibers of distinct histological types. 
Mixed nerves show three groups of ivaves, which have been designated the 
A, B and C groups. The A waves have a wide range of conduction rate, up to 
about 100 meters per second. They are carried by the larger myelinated fibers 
of the somatic motor and part of the somatic sensory categories. The somatic 
motor impulses show the most rapid oscilli^japhic vibrations. The afferent 
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impulses producing waves in the A group include touch, pressure and proprio- 
ceptive sense. The B waves are carried by tlie small myelinated fibers. The 
oscillations in tins group arc less rapid and are produced by stimuli of pain 
which can be localized and of tentperature. The C group of oscillations arc the 
slowest, falling below 1.7 meters per second. Tlicy are conducted by the un- 
myelinated fibers and represent stimuli of pain which cannot be localized and 
vasomotor impulses. 


CLINICAL INTERPRETATION 

SOME LESIONS OF THE SPINAL NERVES 

Section of posterior nerx'e roots distal to the ganglia, or injury to them or 
their gnngha, results in segmental disturbances of pain, temperature, touch, pres- 
sure, muscle sense and visceral sensibility; loss of superficial and deep reflexes; 
loss of muscle tone; incoordination of musctilar movements, and trophic changes. 
Due to overlapping of ncr\'es from adjacent segments the skin anesthesia is 
complete only when one or more additional nerves are sectioned on each side of 
the segment primarily involved Loss of muscle tone and musadar incoordination 
are due to interruption of the proprioceptive pathway to the spinal cord and 
brain. The trophic changes, especially in the skin, are due to loss of some trophic 
influence which peripheral nerve fibers exercise on the area of skin tltey innen’ate. 

A good example of the sensory’ and trophic disturbances which Itave a strictly 
dermatomal distribution, and which result from injury to individual dorsal roots 
and their ganglia, is to be found in the effects of herpes zoster. This disease is 
regarded as due to a virus which attacks the posterior roots and their ganglia. 
One or more posterior roots may become involved. The symptoms, namely, red- 
ness of the skin, followed by burning, sticking sensations and severe pains in the 
skin, with formation of blisters along the course of the neiwe involved, are 
accounted for by irritation of the sensory fibers of the posterior roots and their 
ganglion cells by the virus. Tlie sensory disturbances are regarded as due to 
stimulation of sensory fibers, while the blisters are due to trophic factors. 

Section of anterior roots of spinal nerves, or destruction of their neiwe cells 
m the anterior gray column (lower motor neurons), results in flaccid motor 
paralysis of the muscles supplied. In this type of paralysis there is loss of seg- 
mental reflexes, loss of muscle tone, gradual wasting of the muscles innerv’ated 
by (lie injured neurons, and appearance of the reaction of degeneration. This 
reaction is failure of the muscle to respond to the faradic current, an induced 
alternating electric current, but response by slow, worm-like contractions to the 
galvanic current, which is a direct current from a chemical battery. This galvanic 
response also disappears with further degeneration. If the preganglionic neurons 
of the thoracolumbar autonomic system are involved, mottling of the skin and 
reduced surface temperature may also appear, indicating vasomotor paralysis. 
In infantile paralysis (anterior poliomyelitis) the anterior column cells are be- 
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Heved to be affectccl by a virus whicit causes them and tbeir fibers to degenerate. 
The cells affected may be localized or the infection may involve the neurons sup- 
plying many muscles. 

Scctio}t of iJic coiiiuion ucri'c Irttnk just distal to the junction of posterior and 
anterior roots results in complete loss of all types of sensations (somatic and vis- 
ceral afTercnt) and in motor paralysis (somatic cfTercnt) of tlic flaccid type. 
Both sensory and motor fibers show wallerian degeneration distal to the injury 
since both types of fibers arc cut off from tlicir cell bodies in the posterior root 
ganglia and the anterior gray columns of the spinal cord, resj^cctively. If the 
thoracic or upper lumbar nerves arc involved vasomotor phenomena result from 
injury to visceral efferent vasoconstrictor fibers in these nerves. 

Secliou of the posterior root of a spinal nerve between the ganglion and the 
spinal cord results in loss of all sensation and reflexes. Centripetal degeneration 
of tlie posterior root fibers takes place, since they arc cut off from their cells of 
origin in the ganglion. Unless the ganglion cells are damaged centrifugal de- 
generation does not occur when the central processes are cut or injured. Degen- 
eration of small myelinated fibers in the posterior roots distal to the ganglion 
has been described following section between ganglia and sjunal cord. Such fibers 
have been interpreted as vasodilators having their origin with the spinal cord and 
emerging through the posterior roots. The evidence is confusing and there is 
little agreement regarding such fibers. 

Section of a purely sensory peripheral branch of a spinal nerve, such as the 
lateral femoral cutaneous nerve, results in loss of all sensation in the skin area 
supplied, which in the case of the nerve mentioned is the lateral part of the thigh. 
Irritation of such a nerve results in tingling, stabbing and burning pains in the 
region supplied, as in nicralgia paraesthetica when the lateral femoral cutaneous 
nerve is involved. 

Section of a mixed motor and sensory branch such as the circumflex axillary 
nerve, winch is an isolated peripheral ncr\-e, results in flaccid motor paralysis 
of the muscles supplied and in the loss of all cutaneous sensation in the skin area 
innervated. In the case cited the deltoid muscle and the teres minor would lose 
voluntary motility and show wasting and the reaction of degeneration because 
the lower motor neuron is involved. Cutaneous sensation would be entirely lost 
in the upper lateral part of the upper arm, with only partial loss in an area 
bordering on the zone of complete anesthesia. The partial retention of sensation 
in this zone would be due to overlap by sensory fibers from adjacent body 
segments. 
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CHAPTER C 

RECEPTORS AND EFFECTORS 


RECEPTORS 

A receptor may be defined, in Sherrington’s phrase, as a structure designed 
to lower the threshold of exdtaWffty for otic fyfie of stfnitrhts sncj to heighten 
it for all others. Receptors may be classified into three main groups, namely, 
cxteroceptors, proprioceptors, and intcroccplors. Extcroccj)tor.s receive stimuli 
from the outside world and thus supply the Imdy witli information concerning 
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Fto. 27. — Newie Ewowes Epitumuu, 

A, stratum corneum; B, malptgbian layer; C, pigmentecS zone; a, nerve fiber bundte; 
b, e, bifurcations of nerve fibers; ti, terminal branches in the cpilhelmm. From Ca;al, His- 
tohgy, Wm, Wood & Co , Baltimore, 193^. 

its environment. Since such information is of importance to the body as a whole 
these receptors and the nervous mechanisms related to them are grouped to- 
gether under the term somatic afferent or sensory system. 

Proprioceptors are stimulated by activity of muscles, movements of Joints, 
etc. The sensations may or may not reach onsciousness. In carrying out the 
muscular activities necessary to bodily adjustment to environment, capture of 
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food, etc., the proprioceptors play 
an important role in bringing about 
proper coordination of muscles. 
They are therefore related function- 
ally to the extcroccptors, although 
they receive their stimuli from 
nerve-muscle spindles and other 
nerve endings located within the 
muscles and other organs of the 
body, rather than in the skin or on 
the body surface, as is true of the 
exteroceptors The jiroprioceptors 



j. 38 — Tactilf Cfxls IX THE Epithflium 
OF TitF Gkoik of a Guinea-Pic 


will be considered as a separate 
group serving muscle sense and re- 
lated sensations. 

The iNTEiiocErTORS primarily 


a. tactile cell. c. epithelial cel!; »», tactile 
meniscus, at the end of a nerve fibril ; n, nerve 
fiber. Chloride of gold. Highly magnified. (After 
Ranvier ) 


serve the visceral organs of digestion, respiration, reproduction, etc. The im- 


pulses do not, as a rule, reach the conscious level, but serve to initiate reflexes 



concerned with visceral processes. With their 
ncr\'c fillers and central connections they are 
included under the visceral afferent system. 

Changes in the environment of the receptor 
or stimuli, if strong enough, excite the end- 
organs to give rise to nerve impulses in the 
nerve fiber connected with them. The fibers 
convey the impulses to the brain or spinal 
cord. If the stimulus is too weak, no impulse 
results. The receptors may be tliouglit of as 
triggers which initiate impulses under condi- 
tions appropriate to the respective organs, giv- 
ing rise to specific sensations. 

Exteroceptors are of many types. They 
include such special sense organs as the eye. 
the organ of hearing and others which will 
l>e considered in relation to the systems they 
serve. The skin also may be regarded as a 
general sensory organ, in addition to its pro- 
tective function. It contains many types of 
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Fir. 39 — Nernt Endings 
Follicle of Dog 


sensory nerve endings belonging to the gen- 
eral somatic sensory group. Some of these 
will be described. 


Gold chlonde preparation (From simplest type of receptor, from the 

Barker after Bonnet ) viervpoint of histological structure, is repre- 
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rented l>y tlic free nerve eiufings in ilic ept- 
tlicliuni. Tliesc arc lerniinal branches ending 
antong \\ic cells of djc stratificfl sf|{«mous cpl- 
thclitm!. Similar free nerve endings arc foiind 
in Ihc cornea, in the tympanum and in the 
tcetli, locations wdicsicc pain sensations only 
are rccogniraWc, It is usually hd<j therefore 
tlwl such free nerve terminations arc pain re- 
cejnors. Waterslon fotmcl no evidence of pain 
stimulation in the lumtan shin until the corium 
u-as reached. lie interpreted the free endings in 
the cj>idermis as giving rise to sensations of 
touch. 

Woolhrd has recently described netu'orks of 
unmyelinated fibers and also free nerve end- 
ings in the deep layers of the skin, in blood 
vessels and in some of tlic viscera. These are 


Fig 40.— Tactile Corpuscle Of terminations of unniicltnatccl and small iu>e- 

Meissner. linatcd filHjrs, the httcr giving rise to free 

Nerve fibrils whid* enter the e»«lings in the cpitlcrmis which appear to be 
curpuscle and supply its nerve skein, receptors for localized pain. There Is evidence 

thclial cells. 

Any stitimlus tending to injure the cell could 

therefore he interpreted as producing pain. X \ \ 

In VVooIIani's investigations, on human / \ 

subjects, he obtained evidence that pam. eold f 

and touch have specific endings. Definite f py* 

points m the dermis and epidermis gav'e nse / ^ i 

to specific sensations. So long as a fragment / I 

of the specific ending svas present, tlie spe- / j 

cific receptor quality persisted, but disajv • . / 

peared wlien tlie ending was cut away 1 I * 

TgcUIc sensibility is served by several 
types of endings. Tiie simplest in histological 
pattern, next to free nerve endings above 
described, are Merkel’s tactile discs (Fig. 

38) These consist of e-xpanded discs on the 
terminal twigs of nerve fibers which brandi 

in the stratified squamous epitli^ium. Barit Fw. 41.— -Tactile Corpuscles or 
terminal disc is attached to a modified epi- , 

(iKlial ceil Such endings are held to tie «. 

cited by tactile stimuli on the surface of tlie (Maximow, after Van de VeWe.) 

54 


Fie. 41 .— -Tactile CoRpusaES or 
Meissner. 

h, epithelioid ceils; r, nerve end- 
ings ; e. connective tissue capsule- 
(Maximow, after Van de VeWe.) 
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skin above them. Many of the hair follicles are surrounded by special skeins of 
nerve fibers (Fig. 39), with several n^Jes of endings, which are stimulated by 
touch at the base of the hairs and by movements of the hairs themselves. It has 
been shown experimentally that the endings about hair follicles are tactile re- 
ceptors, and it is well known that shaving a surface of the liody reduces its 
sensitivity to touch. 

Meissner’s ioctilc corpuscles (Figs. 40 and 41) 
are found in the connective tissue papillae of the 
skin, especially of the parts of the body particularly 
sensitive to touch. They are elliptical or somewhat 
cylindrical structures made up of a man\ layered a 
capsule of connective tissue, with thin connective 
tissue plates dividing the corpuscle into narrow trans- 
verse spaces. These plates have nuclei transversely 
placed with reference to the major axis of the cor- 
puscle. Large myelinated nerve fibers, one or more, 
reach the corpuscle, where they lose the miclin 
sheath. The naked axis cylinder branches within the 
capsule into the spaces between tlie transverse 
strands. In addition to the large main nerve fibers 
there are one to four fine axis cylinders with numer- 
ous varicosities which also enter the capsule and 
remain distinct from the branches of the mam fibers. 

JMeissncr’s corpuscles are 40 to too microns in length 
and 30 to 60 microns in diameter. They are found in 
the skin of all parts of the body, and arc numerous 
in the hand, foot, nipple, hp and tip of tongue. 

Pacinian corpuscles, also called after Vater (Fig. I.wiellar 

42) are found m various parts of the body, such as Pleura of a Ciiud. 
the subcutaneous tissue of the fingers and near lamellae; h. nerve 

joints, in the mesentery, and in the connective tissue fiber; c. nerve Mcthy- 
of various organs, as the pancreas. They are white blue. Moderately 

oval bodies formed of a capsule which consists of (After Do- 

^ , t Kiel } From Jordan. A 

many concentric, thin layers of connective tissue cn- Tcvtbaok of Hisfology. 

closing an inner bulb or cylindrical space, into which 7th ed , D. Appleton- 

enters a large. m>ehnated nerve fiber. The ncuro- Century Co, Inc, New 

kniiua and sheath of Henie of the nerve fiber becomes ’ 

continuous with the capsule of the corpuscle and the myelm sheath disappears 
at the base of the corpuscle. Tlie naked axis cylinder passes through the inner 
bulb to the opposite end of the corpuscle. Here it ends in a tliickcning which 
frequently gives off small branches. Small blood vessels enter the base” of the 
pacinian corpuscle and loops of capillaries ascend a little way betiv-een the 
lamellae of the capsule. Experimental evidence indicates that at least some of 
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the corpMSclcs of Pacini Jjave to do with regulation 
of blood pressure. They are regarded as the organs 
of deep pressure and possibly of vibration sensi- 
bility. Pacinian corpuscles arc readily visible to ibe 
naked cj-c, liavinp a length of 0.5 to 4.5 mm. and 
a diameter of t to 2 mm. 

Krau 3 c‘s cnd'bulbs (Fig. 43) arc encapsulated 
endings occurring: in connective tissue. They have 
a diameter of 20 to 100 microns. They arc found 
in tlte conjunctiva, the skin of the lips, the glans 
licnis, etc. They arc regarded as cold receptors, 
appearing to wrrespond to the cold spots of the 
skin. 

Genital corpuscles (Fig. 44), found beneath the 
epilbeljum of the j>cnis, clitoris and neighboring 
structures, arc round or oval bodies 60 to 400 
microns long. They receive nnmeroris nerve fibers 
which branch to adjoining corpuscles and also to 
the cpklenuts. 

Cylindrical otd’bulbs of Krause have a central 
nerve fiber in an itincr bulb containing a semifluid 
substance. Stirroumling the inner bulb there are a 
number of layers of connective tissue. BuHw of 
connective tissue of muscles and tendons and in the 



Fie. 4 i — End-bulb of Ki>.^use 
TROJi rne Maucin of the 
Ocular Cosjunciiva. 

The axon forms a dense skein 
wiihin the encai«ulalc(l bulb. 
McdiylCDC blue. Highly mag- 
nified. (After DogicI ) From 
Jordan, W Textbook of !}iS‘ 
tology, Till ed, D Appleton* 
Century Co , Inc , New York, 

mr- 

this type are present in the 
mucosa of the mouth. 



Fig. 44 —Genital Corposcms from the Clitoris of a Rabbit, 

A single axon from the nerve plexus enters ea* corpuscle. Metbyleiit blue. Highly mag- 
nified. (After Retzius ) From Jordan, v4 Textbook of Histology. 7Xh ed , D Appleton- 
Century Co, Inc., New York, 1937 
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Corpuscles of Ruffim (Fig. 45) ‘'’‘= siAcutancous connertive 

tissue o! the fiugers and cisetvherc. They consist of elongated connect, t-e t.ssue 
bundles within which ramify axis cylinders of nerve fibers, ending in flattened 
expansions. 



Fic 45 — Rujfini’s End-Organ 

A single nerve fiber breaks up to form the tangle of nerve fibrils within the organ. 
gH. myelin sheath, tl, terminal fibrils of the axis cylinder; Z,, connective tissue capsule. 
( .■\fter Ruffini ) From Jordan, A Textbook of Histology, 7th ed , D. Appleton-Century Co , 
Inc, New York, 1937. 

Corpuscles of Golgi-Maccoui (Fig. 46 ) are found in tendons near the attach- 
ments of the muscle fibers. Ner\’e fibers, after losing their myelin sheaths, pene- 
trate between fascicles of tendon fibers and ramify into terminal processes with 
many varicosities. The entire corpuscle is enclosed by a fibrous capsule 
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tlic corjJuscles of Pnci’nl have to do with regulation 
of hlool preswre. Tlwy arc regarded as the organs 
of deep pressure and possibly of vibration sensi- 
bility. Pacmian corpuscles arc readily visible to the 
naked eye, having a length of 0.5 to 4,5 mm. and 
a diameter of I to 2 jnm. 

A’rawje'j en<f-biilbs (Fig. 43) are encapsulated 
endittgs occurring in connective tissue. They have 
a diameter of 20 to lOO microns. They arc found 
in the conjunctix-a, the skin of the lips, the glans 
penis, etc. T!icy arc rcgardctl as cold receptors, 
appearing to correspond to the cold spots of the 
skin. 

Fie 43-EKB.nutnoF Krause Gctiilal cor/>usclts (Fig. 44). found beneath the 
TRtm Tilt Margin of the epithelium of the penis, clitoris and neighboring 
Ocular Co.'rju.NcrivA. structures, arc round or oval bodies 60 to 400 
The axon forms a <!cnsc skein microns long. They receive numerous nerv'C fibers 
mt 'O «rpuscte and also lo 

nilied. (After Doric!.) From the epidermis. 

Jordan, A Ttxibook of tiii- Cyh'iirfriVcf r«rf*6idbr of A'rawie have a central 
Iptoffy. :i\h ed , D. Appleton- {„ inner bulb containing .1 semifluid 

substance. Surrounding the inner bulb there are a 
number of layers of connective tissue. Bulbs of 
this type arc present in the connective tissue of muscles and tendons and in the 
mucosa of the mouth. 




Fie M —Genital Corposclbs rwm the Clitoris of a Rabbit. 

A single axon from the nerve plexus enters each corpuscle. Methylene blue. Highly mag- 
nified (After Returns ) From Jordan, A Textbook of Histology, 7th ed, D. Appleton- 
Century Co. Inc.. New York. 1937 
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ordinary striated fibers. The parent fibers enter 
tlie spindle at one pole and divide, the brandies 
anastomosing and branching like heart muscle. 
Along the course of each muscle fiber occur 
bubble-like structures, 5 to 15 microns in diam- 
eter. more "numerous near the center of the 
spindle. Two or more large myelinated ner\'e 
fibers enter the spindle, and several unmyelin- 
ated fibers also enter it. The sheath of Hcnic 
of the myelinated fibers becomes continuous 
with the capsule of the spindle. The fibers di- 
vide within the capsule into secondary and 
sometimes tertiary rami. These lose their 
myelin sheaths and break up into numerous 



Fig 47. — A Mu«ci.e Spindle from 
THE Psoas Magnus of Man. 


branches with club-shaped or leaf-like endings 
which rest on those parts of the muscle fillers 
containing the translucent bubble m.asscs. Other 
nerve fibers, after losing their mychn sheaths, 
wind about the muscle fibers as spiral bands, to 
terminate in expansions or to give off terminal 
branches in their course. The spiral endings may 
terminate on the striated part of the intrafusal 


1, intrafusal imiscle fibers; 2, 
nerve fibers ; 3, axial sheath ; 4. con- 
nective tissue capsule; 5, muscle 
fibers of an adjacent fasciculus; 6, 
periaxial l>mpliatic spaces; 7, blood 
vessel. Hematcin and eosin X470 
From Jordan, A Textbook of //u- 
tology, 7th cd , D, Appleton-Cen- 
tury Co, Inc, New York, ip37. 


muscle fibers. It has been claimed that there arc two distinct types of endings 



Fig 48— Middle Third of a TrnMiSAL Plaque in trf Muscle Spindle of an Adult Cat. 

spirals Chloride ot boU preparation HicUy mae- 

"t: New ^ Apple, o' ieLfy 
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timioiis witli ihc covcritip of the tendon. A lymph space is found between the 
corpuscle and the capsule. 

N curotimscuhr spUuiks (l*%s. 4 / ami 48) consist of bundles of small muscle 
fibers, 3 ^0 to in number, surrounded by a capsule of many layers of connective 



Fig. 46.— GouU'Mmzon! Corpusci.es ibom the Supcutaneqos Tissue of the Tip of the 
Fjncfjl (Alter Ruffini.) 

From Jordan, A T’v.tJ&oo* 0/ Hutology, D, Api^elcm-Ceniury Co, Inc, New York, 1937. 


tissue. Nerve fibers penetrate the capsule and ramify on the muscle fibers. The 
organ as a whole is spindle-shaped, although compound organs of this type 
may have a number of dilatations. Each sjMndle has an independent lymph and 
blood supply. There is a sjiace between the external capsule and an intenial 
capsule around the muscle fibers which is filled with lymph. 

The muscle fibers are striated but have only alKiut one-tliird the diameter of 
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in the spindles, supplied by distinct nerve fibers, but this view has not generally 
been accepted. The unmyelinated fibers which enter the spindles are regarded 
as vasomotor, in part. Other fine fibers have club-like endings whose function 
is not known. The length of neuromuscular spindles is usually stated as 2 to 4 



mm , m man. with a diameter of 004 to 04 mm. There is, however, a variation 
from 005 mm. to 13 mm in length. 

Kc„ro,c„di„o„s orga„s (F.g. 49) are found charaCeristicallv at the junctions 
of mnsdes and tendons and ,n the aponeuroses related to muscles. Therf “some 

:im:;s^:he:;:atL'’dr:::dot w^eT^ 

Cl. s™ 
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many thousands of such fibers form the olfactory filae and extend through the 
crd)rifortn jilatc to enter the olfactory bulb of the brain. The free ends of the 
neuro-epithelial cells are covered «ith from S to to cilia. Between the olfactory 
cells lie tall columnar eiiithelial supporting cells. The olfactory cells are chemical 
receptors whtch test substances inhaled with the air and thus pass over the 
olfactory membrane. Minute particles of such substances come into contact with 
the cilia and in some manner set up stimuli within the cells which are trans- 
formed into nerve intpulscs to the olfactory hiilb. 

The gustatory sense organs occur in the form of spindle-shaped groups of 
cells m the stratified squamous epithelium of the tongue in the adult, and also 



Fic. 53— Motor End-Plates on Striated Muscle Fidfrs. 
From J. L Bremer, P. Blakiston's Son & Co, Philadelphia, 1936. 


in the pharynx in infants. Two kinds of cells make up the taste bud, which is 
an elliptical body with a />ore opening to the surface. The ncuro-cpithelial cells 
have cilia at the free end which project through the pore. The more rounded 
basal end is surrounded by a terminal tuft of nerve fibers from the gustatory 
nerves. The other t>pe is called the sustentacular cell. These cells apparently 
form a supporting framework for the neuro-epithelial cells. The latter transform 
appropriate chemical stimuli into the four primary’ sensations of taste, namelv, 
sweet, sour, salty and bitter. Various flavors, aside from these, are produced by 
combinations of gustatory and olfactory stimuli. 


EFFECTORS 

The effectors of the somatic efferent system are usually considered of but 
one type, namely, the motor end plate on striated muscle fibers The muscuhr 
nerves, composetl ch.efly of myeliualed nerve fibers, break up mto bundles whid, 
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of tendon fascicles with nuniermis nuclei, enclosed within a capsule of con- 
nective tissue. A large myelinated nerve fiber, or sometimes two or three such 
fibers, enter the spindle, usually at the center. On reaching the spindle the sheath 
of Henle becomes continuous with the capsule. The fibers retain their myelin 
sheaths and break up into primar}’, secondary and tertiary branches. The latter 
subdivide into branches without myelin, which pass between and around the 
tendon bundles, giving off smaller branches with IcaWikc plates which form a 
network around the primary bundles. Neurotendinous spindles have a length of 
1.28 to 1.42 nim. and a breadth of 0.17 to 0.25 nim. in man, according to Kocl- 
liker. 

Visceral Ari nRENT receptors or ikteroceptors arc found in mucous 
membranes of various viscera, in the muscular layers of viscera, etc. They arc 
of relatively simple pattern as compared 
with the cxtcroccptors and proprioceptors 
above described. 

In the epithelium of the trachea and 
larger bronchi nerve endings are present 
(Fig. 50) which have short twigs termi- 
nating in varicosities, apparently between 
the epithelial cells. They respond to me- 
chanical stimuli. Endings of different type 
are found near the extremities (Fig. 51) 
of the air passages and suggest chemore- 
ceptors. The intestine has nen’c terminals 
between the epithelial cells which are re- 
garded as afferent receptors. In the wall 
of the urinary bladder Retzius has 
described nerve endings of afferent 

type- 

In the aorta and the carotid body, 
chcmorcccplors are present, according to 
physiological and histological evidence. In the muscular coat of the stomach 
Carpenter described peculiar endings between the muscle bands which probably 
are stimulated by activity of the muscle laj'er, “Smooth muscle nerve spindles” 
have been described in the bronchial muscle bands (Fig. 52) of animals and 
man. Kleyntjens and Langworlhy have described somewhat similar endings in 
the muscular layer of the urinary bladder. These various types of visceral 
receptors, widely distributed in the visceral organs, may be termed general 
visceral afferent receptors. The special visceral afferent system has as end organs 
such special sensory organs as taste buds and olfactory cells. 

Olfactory sensory cells are the most primitive, structurally, of all the receptors 
in man. They consist of neuro-epithelial cells in the olfactory membrane which 
are prolonged at the basal end into varicosed unmyelinated nerve fibers. The 
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Fic. 52. — SMOorn Mu«cLt Nerve 

SpiNDtES. 

iitU‘bd.. muscle band; vt.fi, muscle fi- 
bers ; n fi , nerve fibers ; v ter., smooth 
muscle nerve spindles. From Am. /. 
Anat., 1935, 52 141, 
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Tcrvwiosioiis cn Grappcs . — Some axons leading to striated muscle end in 
small loops or bulbar enlargements, either below or outside the sarcolemma. 
These are regarded by Hines as simple motor endings. 

General Visceral Efferent TerHiinations. — Fine nerve fibers from cells in 
ganglia of the autonomic system end in relation to smootir muscle fibers or on 
the secretory epithelium of glands in various parts of the body. The terminals 
for smooth muscle fibers are in the form of minute knobs located near tbe 



Fig. 56. — Nerve Endikgs on Muscle Fibers in Arteriole. 


nucleus (Fig. 56). Huber and DeWitt described such knobs on the surface of 
the muscle fibers (Fig. 55). Intracellular knobs have also been described, sug- 
gesting the possibility of two forms of stimulation. The terminals on secretory 
epithelium are in the form of fibers in contact with the cells, or ending within 
the cells, according to some investigators. 

The motor endings in heart muscle are somewhat larger than in smooth muscle 
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run in tlie intermuscular septa. From these, still smaller bundles pass into the 
muscle fascicles to fray out into individual fibers which end in the form of motor 
plates, usually near the middle of the individual striated muscle fibers. Each 
muscle fiber is believed to receive one or sometimes two brandies. The neuro- 



FlO. 54 --MoTOR ENlj'PLATt 

Bremer, Textbeoi of lUslohgy, P. Blakiston’s Son & Co, Philadelptila, t 03 fi. After Boeke. 


lemma of the nerve fiber is usually described as continuous with the sarcolemma 
of the muscle fiber. The myelin sheath ends on reaching the sarcolemma, and 
the nerve fiber branches out into an area of modified granular sarcoplasm which 
forms an elevated area 40 to 60 microns in diameter on the muscle fiber. This 



Fig 55 — Smooth Mh^cle Motor Endings. 
Redrawn from Huber and DeWitt. 


elevated area is characterized by numerous nuclei in the sheath, regarded as 
derived from neurolemma and sarcolemma jointly. The nerve fibers break into 
fibrils, which form a periterminal net. Each nerve fiber divides into numerous 
terminal fibers, each suppl>ing a motor plate (Figs. 53 and 54). 
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CHAPTER 7 

THE SPINAL CORD AND MENINGES 

In man the spinal cord (Fig. 57) occupies the upper tuo-thirds of the neural 
canal of the vertebral column. It extends from the margin o! the foramen mag- 
num to the lower border of the ist hinibar vertebra or the upper border of the 
3nd lumbar vertebra. In tlie male the average length of the cord is 45 cm., in 
tlie female 43 cm. During the first three months of embryonic development the 
spinal cord extends to the lower end of the neural or spinal canal. In subsequent 
growth of the body, however, the vertebral column lengthens more rapidly than 
does the cord. At birth, as a rule, the cord ends opposite the 3rd lumbar vertebra. 
During childhood the spmal column continues to increase in length at a faster 
rate than does the cord, resulting in the adult relations described. 

The spinal cord is continuous aliove with the medulla oblongata. The level 
at which the cord begins is defined as that corresjionding with the uppermost 
rootlet of the ist cervical nerve, which is at the forattten magnum. Tlie low’er 
end tapers to a point, the conical extremity being known as the conus meduUaris. 
A thread-like extension from the conus, known as the fdum tcrminale (Fig. 58) 
continues downward m the spinal canal and is attached to the back of the 
coccyx. The fiUmi is composed of pia mater containing a prolongation of the 
central canal of the cord m its upper portion. It also contains a few rudimentary 
nerve fibers. The lower portion of the filum is joined by a contmuation of the 
dura mater w’hich forms a filum tcnmmle externum. 

The lower third of the spinal canal contains, in addition to the filum tcrminale. 
bundles of nerve fibers. These, in general, run parallel with the long axis of 
the cord. They are the trunks of the lumbar, sacral and coccygeal spiwal wcyvcs. 
W’hich were laid dow’ii as segmental nerves in the early embryo and became 
attached in the intervertchral foramina when the vertebrae were formed. When 
the vertebral columns began to elongate at a more rapid rate than the cord, these 
nerves were drawn downward within the spinal canal. This mass of nerve fibers 
is called the catuh equina. Most of the other spinal nerves also extend from the 
cord to their respective foramina at various angles other than the right angle 
oi early embryonic dcvclopitiem, became ol the same factor of unequal growth 
of spine and cord. 


THE MENINGES 

Dura Mater.— The spinal cord is surrounded by three membranes collectivelv 
called the mewges The outermost is the dura mater. This is a tubular sheath 
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and frequently have a small cluster of teninnal knobs. Otherwise they appear 
quite similar to those of smooth muscle. 

Special Visceral Efferent Terminations.— These arc motor end-plates histologi- 
cally identical with those on striated muscle generally. The muscles derived from 
the branchiomercs, i e., the muscles of mastication and the hyoid apparatus, as 
well as the pharyngeal muscles, are regarded as a special group of visceial 
muscles. They retain their branchial nerve supply, but both nerve fibers and 
motor endings are modified into the types cliaractcristic, histologically, for 
somatic muscle. 
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CHAPTER 7 

THE SPINAL CORD AND MENINGES 

In man the spinal cord (Fig. 57) occupies the upper two-thirds of the neural 
canal of the vertebral column. It extends from the margin of the foramen mag- 
num to the lower border of the 1st lumbar vertebra or the upper border of the 
2nd lumbar vertebra In the male the average length of the cord is 45 cm., in 
the female 43 cm. During the first three months of embryonic development the 
spinal cord extends to the lower end of the neural or spinal canal. In subsequent 
growth of the body, however, the vertebral column lengthens more rapidly tlian 
does the cord At birth, as a nile, the cord ends opposite the 3rd lumbar vertebra. 
During childliood the spinal column continues to increase in length at a faster 
rate than does the cord, resulting in the adult relations described. 

The spinal cord is continuous above with the medulla oblongata. The level 
at which the cord begins is defined as that corresponding with the upjicrmost 
rootlet of the ist cervical nerve, which is at the foramen magnum. The lower 
end tapers to a point, the conical extremity being known as the cornu nicdnf/nrij. 
A thread-hke extension from the conus, known as the filtiin tcniiiiialc (Fig. 58) 
continues downward in the spinal canal and is attached to the back of the 
coccyx. The filuni is composed of pin mater containing a prolongation of the 
central canal of the cord in its upper portion. It also contains a few rudimentary 
nerve fibers. The lower portion of the filum is joined by a continuation of the 
dura mater which forms a ftluin Urmimlc exlcrnum. 

The lower third of the spinal canal contains, in addition to the filum terminale. 
bundles of nerve fibers. These, in general, run parallel with the long axis of 
tlie cord They are the trunks of (he lumbar, sacral and coccygeal spinal nerve.s, 
which were laid down as segmental nerves m the early embryo and became 
attached m the intervertebral foramina when the vertebrae were formed. When 
the vertebral columns began to elongate at a more rapid rate than the cord, these 
nerves were drawn downward within the spinal canal. This mass of nerve fibers 
IS called the eauda cqinm. Most of the other spinal nerves also extend from the 
cord to their respective foramina at various angles other than the right angle 
of early embryonic development, because of the same factor of unequal growth 
of spine and cord. 


THE MENINGES 

Dura Mater.— The spinal cord is surrounded by three membranes, collectively 
called the mciimgcs. The outermost is the dura mater. This is a tubular sheath 
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and frequently have a small cluster of tcnninal knobs. Otherwise they appear 
quite similar to those of smooth muscle. 

Spccwl Visceral Efferent These arc motor end-jdates histologi- 

cally identical with those on striated muscle {jcnerally. The muscles derived from 
the branchiomeres, i e., the muscles of mastication and the hyoid apparatus, as 
well as the pharyngeal muscles, are regarded as a special group of visceial 
muscles. They retain their hranchtal nerve supply', but both ner\'e fibers and 
motor endings are modified into the types characteristic, histologically, for 
somatic muscle. 
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THE SPINAL CORD AND MENINGES 

From the inner surfaces of the lateral walls of the spinal dura are given off 
the dciUicuIatc ligaments which suspend the cord in the dural tube. These liga- 
ments are attached at intervals to the dura by 20 to 22 denticulations between 
the spinal nerves They spread out fan-wise, medially, to form a nearly continu- 
ous line of attachment to the pia mater between the anterior and posterior nerve 
roots. 

The ARACHNOID (Fig. 59) is the middle coat of the meninges. It is a thin, 
continuous sheet of connective tissue separated from the dura mater by a thin 



Fig. 58— Filum Terminale and Lower Part of Spinal Cord. 


s:,h(ittral space. It is attached to the pia mater by fine bundles of arachnoidal 
tissue which traverse the considerable snbamchmid space. The latter is filled 
with cerebrospinal fluid At the lo.ver end of the spinal canal it forms a spinal 
arachnoid sac which contains the lower end of the cord and the caitda equina. 
The riA mater (Fig. 59) is a delicate layer o! connective tissue which closely 
invests the surface of the cord. Anteriorly it folds into the anterior median 
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of dense fibrous tissue which continues from tile foramen magnum to the level 
of the 2nd or anl sacral vertebra (Figs. 58 and 59). Its upper end is attached 
to the margin of the foramen magnum and to tlic and and 3rd cervical vertebrae. 
At its lower end it is attached through its continuation as the filum terminale 
externum, above mentioned, to the periosteum of the hack of the coccyx. 



Fic 57. — ^Diagrams of Spinal Cord 

anterior view B, posterior view C, a segment of the spinal cord with anterior and 
rior nerve roots attached 

i->aicfal prolongations, in the form of tubular sheaths of dura, accompany the 
spinal nerves into the intervertebral foramina. Anteriorly, loose fibrous attach- 
ments connect the dura with the posterior longitudinal ligament of the vertebral 
column Posteriorly there are no attachments to the wall of the neural canal. 
Between the outer surface of the spinal dura and the periosteum of the ver- 
tebrae, which corresponds to the outer lajer of the cranial dura, there is an 
epidural space containing fat and veins with thin walls. 
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to the walls of the spinal canal. The cord is thus suspended in a tube of fluid. 

The anterior surface of the cord is deeply grooved in the midplane by a cleft, 
the anterior median fissure, throughout its length. This contains a fold of pia 
mater and blood vessels. It extends inward about one-third of the anteroposterior 
diameter of the cord. The posterior median scpttnn is a narrow partition made 
up of ependymal tissue and neuroglia between the two halves of the cord dor- 
sally. In the cervical and thoradc parts of the cord the dorsal septuur extends 
deep, but is shallower in the lumbar cord. On each side there is a posterolateral 
sulcus along which the dorsal root fibers enter the cord. This sulcus marks tlie 
boundary, externally, between the dorsal and the lateral funiculi. It extends the 
entire length of the cord. In the cervical region there is a posterior iiifeniicdiatc 



Fig. 60.— Diaoram of Spinal Conn and Spinal Nervk Roots. 


sulcus, formed by a septum of pia mater which penetrates superficially between 
the fasciculus gracilis and the fasciculus cuneatus. It continues into the medulla 
oblongata between the nuclei of these fiber bundles. Anteriorly a somewhat arbi- 
trary line, corresponding to the latcralmost filae of the ventral nerve roots, 
divides the ventral from the lateral funiculus. The filae of the ventral roots do 
not emerge m linear arrangement but rather have their exit irregularly through 
a considerable surface of the ventrolateral part of the cord. 


INTERNAL STRUCTURE OF CORD 

Section of the cord (Figs. 60 and 61) shows it to be made up of an outer 
zone of 7Mle matter and an inner H-shaped mass of gray matter. The white 
matter occurs in the form of three longitudinal columns of' nerve fibers ehieflv 
myelinated, extending the length of the cord. Each column or funiculus consists 
of a nunmer of functionally distinct handles of nerve fibers known as fiber tract. 
The gray matter actually is a fluted mass of nerve cells and fibers, also extending 
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B A 

Fig. 62. — A. Bifurcation of Dorsal Root Fibois within Cord and B. Relation ok 
Collaterals to Cells of Posterior Gray Column. 

B is more highly magnified than A. (After Cajal.) 

A A, rosterior root fibers; B, posterior column of spinal cord, with collateral fibers; 
c. b, bifurcation of sensory fibers ; e, fine fibers which bifurcate in Lissauer's zone. 

B A, unmyelinated fibers; B, short collaterals; C, D, large cells at margin of gelatinous 
substance of Rolando, E, terminal branches wdth n’arked varicosities. 

formation, these cells are regarded as the integrating mechan:sm_o£-spinaLre- 
jlexes. 

Nucleus Dorsalis — The medial part of the base of the posterior column in 
the thoracic and lumbar cord is occupied by a distinct group of large cells known 
as the dorsal nucleus or cohann of Clarke. It begins at the level of the 8th 
cervical or the ist thoracic segment of the cord and continues to the 2nd or 3rd 
L. segments. In the monkey it extends to the lower lumbar segment. It attains its 
largest size in the 12th thora cic and diminishes above the 9th thoracic segment. 
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the length of the cord. For convenience of description it is divided, on each side, 
into posterior and anterior caluuins or horns. The two sides arc connected by the 
gray comuiissitre, which crosses the midplane and surrounds the central canal. 
Ventral to the central canal tlicrc is an anterior white eonnnissiire, made up of 
myelinated nerve fibers. These arise from cells in the gray matter and cross to 
the ventral and lateral funiculi of the opposite side. 

The POSTERIOR COLUMNS are divided for descriptive purposes into a pointed 
apex, an exiKindcd,fa/iif/, and a constricted The substance of the apex 

has a translucent appearance in the fresh cord, and is knmvn as the gelaliiwits 
substance of Rolando (Tig. 63). It is*composcd of. nerve cells and neuroglia. 



Fie 61 — Diagram of Cro:>s Stcrios or Spinai. Coro, Showing Regions of White and 
Gray Substance. 


The nerve cells are arranged in three zones, namely, an external or marginal 
zone of large fusiform cells, an intermediate zone of small fusiform cells, and 
a ventral zone of stellate cells and of Golgi type II cells. The axons of cells 
from the gelatinous substance pass, for the most part, into the dorsal and lateral 
funiculi. They ascend or descend in the cord, or divide into ascending and de- 
scending branches. Some reach the brain, others end in the gray matter of higher 
or lower segments of the cord. Bundles of such fibers between different levels 
of the cord are known as the ground bundles, spinospinal fibers or fasciculi 
proprii. The fibers which do not cross are known as association bundles, those 
which cross as commissural fibers. Axons of the Golgi type II cells connect with 
adjacent nerve cells in the gray matter. 

Reticular Formation — Lateral to the head and the neck of the posterior 
column is a zone of intermingled nerve cells and fibers known as the rclictdar 
formation (formatio reticularis). This is most marked in the cervical cord. 
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pretty closely to the cervical and lumbar enlargements of the cord. Their cells 
give rise to the motor fibers to muscles of the arm and leg. These motor fibers 
to voluntary muscles of the body are known as the loxvcr motor ucuroits. 

Lateral Column. — Most marked in the thoracic region of tiie cord there 
IS a lateral colamn of gray matter, in addition to the anterior and posterior 
columns already described. It can however be followed throughout the length 
of the cord. In the thoracic cord there is an intcrmcdiolalcral column of cells. 
These cells afc much smaller than the vcntraniorrTc^Is.’T'ircy are stellate or 
fusiform. Their axons, for the most part, emerge from the cord with the ventral 
roots, to reach the sympathetic chain ganglia via the ^^hitc rami. Tliey constitute 
the preganglionic fibers of the tlioracoUmibar autonomic system, supplying part 
of the motor innervation to the viscera. This column of cells corresponds in 
distribution to the body segments having white rami communicantes. 


REFLEX MECHANISMS 

The first mo\enicnt which can be evoked in early salamander larvae by tactile 
stimulation of the skin is a simple avoiding reaction. This takes the form of 
turning the head away from the side stimulated by contraction of the upper 
trunk myotomes of the opposite side. At a slightly later stage of development 
this response is followed by a “cod reaction.” The response begun as Just de- 
scribed IS continued tailward by contraction of successive myotomes, By the 
time the more caudal m>otomes in this series have contracted, an impulse has 
been transmitted to the more rostral nnotomes of the side originally stimulated, 
causing them to contract so that the Iar\a assumes the form of an elongated S. 
Still later m development the wave of contraction progresses tailward on the 
side originally stimulated, and a new wave of contraction begins with the rostral 
myotomes of the opposite side. When these alternate waves of contraction follow 
each other rapidly enough, swimming movements result. 

Histological study of the nervous system of larv-ae tested for such responses 
has enabled Coghill to correlate the movements noted with the neural mechanism 
of the cord at different stages of differentiation. Primitive sensory neurons 
(Rohon-Bcard celL) which are located m the dorsal part of the lan-al cord 
give off peripheral processes These divide in such a manner that one branch 
passes to the skin for cutaneous reception and another passes to the myotomes. 
The latter is stimulated by the contraction of the myotomes, producing proprio- 
ceptive impulses. 

.-Vnother branch from each Rolion-Beard cell ascends within the cord and con- 
nects with a chain of neurons by which the impulses brought in by the two 
peripheral processes are transmitted to the cephalic part of the cord. In this 
region of the cord there are cells with commissural fibers. The impulses cross 
througli tliese fibers and are transmitted caudalward, through a series of neurons 
to the successive m>otomes. By the entrance of sensory fibers into successive 
segments of the cord there is fonned a primitive ascending fiber tract composed 
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The axons of Us cells pass Uuo the lateral funicuUis to ascend as the dorsal spino- 
cerebellar tract. The cells arc oval or pyriform. 

A CENTRAL GELATINOUS suiisTANCE around thc ccittral canal possesses a few 
stellate or fusiform cells whose axons pass into the lateral funiculus of the same 
or the opposite side. 

The ANTERIOR COLUMN o{ gray matter contains the largest ceils in the nervous 
system, although there is much variation in size. These cells arc arranged in 
longitudinal columns which in cross section of the cord appear as cell groups. 
The axons of the largc-celletl columns form .the ..ventral nerve .^roots to thc 



A, cells of tJic head of the posterior horn. B. C, /?, cells of the Rclatinous substance 
<?/ Bohndo; C, deep cc}}siera)s to iirhstanrc of RoIawJo; P, hranchin,? ;jprve terminals from 
thc deep collaterals; a. axon; b, longiltKlmal nerve terminations of tlie tip of the posterior 
horn. 

muscles of the body. In the mcdtal part of the anterior cohinm^ts fouud the 
anteromedial colttuiu of cells, extending throughout nearly the entire length of 
the cord. According to Bruce it is well marked in C.4, C 5, C S to L 4, and 
5 2, S 3 and S 4. It disappears in L 5 and S i. The posteromedial c olumn con- 
sists of small cells lying posteriorly and is represented in part of the cervical 
cord, in Th 1-12 and L 1, but not in L 5, S i, S 2 or below S 4. These two 
columns are beheved to supply the muscles of the trunk and neck. The anie^ 
faferal column of cells is found in C4 to C 8 and in L2 to The posicro- 
'lateral column is found in C 4 to C 8 and iit L 2 to S 3. The rctropastcrolatcral 
cohoiin is restricted to C 8, Th I, and Si, S 2, and S 3. The central column is 
limited to L 2 to S 2. These several colunms correspond, in their distribution, 
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the spinal nerves through the cardiac and pulmonary plexuses, the splanclinic 
nerves, the mesei^teric plexuses, and the pelvic nerve. On reaching the cord 
they form reflex arcs with visceral efferent neurons, chiefly, but there is evidence 
of a visceral ascending pathway within the cord which appears to have the pritni- 
tive pattern of relays of neurons. This is located in the lateral funiculus. 

Dorsolateral Tract.— The somatic afferent fibers become segregated, as 
already noted, into a medial division (Fig. 66) of myelinated fibers and a lateral 
division, chiefly unmyelinated, but with some small unmyelinated fibers inter- 


mingled. TliQ lateral division enters the 
dorsolateral tract of Lissaucr (Figs. 
66-70 and 74), while the medial divi- 
sion enters the dorsal funiculus. On 
entering the cord the fibers of the lat- 
eral division bifurcate into ascending 
and descending fibers, the latter de- 
scending one segment while the ascend- 
ing fibers continue upward one or two 
segments. Both rami eventually pene- 
trate into the dorsal column and by 
collaterals and by terminal arl)oriza- 
tions form synaptic connections with 
neurons therein. The terminal fibers 
synapse with neurons whose axons 
cross in the ventral white commissure 
to enter the lateral j/’nio/fiafaniic tract 
(Figs. 66 and 74) of the opposite side 
of the cord. The collaterals and de- 
scending rami are regarded as fonn- 
mg sjnaptic connections with spinal 



Fic. 64— Motor Crxi, m Antfrior Grav 
Column. 


a, recurrent collateral from an axon; b, com- 
missural dendrites; c, axon; rf, c, Ocnclritcs 
extending into anterior p.irt of spiiwl cord. 
Cliick embryo. GoIri method From CijaJ, 
Histology, Win. Wood & Co., Baltimore, 1933 


neurons of reflex arcs. The study of action currents in nerve fibers by means of 
the cathode ray oscillograph has enabled Clark, Hughes and Gasser to definitely 
relate pain stimuli, which could be localized, to small myelinated fibers of the 
nerves. Diffuse pain, on the other hand, was associated with small, unmyelinated 
fibers. These facts fit into the experimental and clinical evidence that Lissaucr’s 
tract conveys pain sensation. 

The LATERAL SPINOTHALAMIC TRACT IS knowii froiii clinira! cvkicncc 10 
transmit stimuli of pain and temperature. The fibers, which arc niycJinatcd, 
extend from their level of origin without interruption, to the thalamus (Fiv! 
74). The tract is therefore increased in size at each successively higher body 
segment by entering fibers. Injury to this tract results in loss of pain and tem 
perature sensations from the opposite side of the body, beginning as a rule 
two segments below the level of the le^on. ’ 

The medial divisions of the dorsal TOts enter the dorsal funiculus directly. 
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of relays of neurons. In the ventral part of the larval cord a primitive motor 
tract is also formed of relays of neurons. In Anihlystoma larvae the arrange- 
ment of the latter is such as to favor a progressively downward contraction of 
myotonies by delay in transmission at each synapse. The entire pattern, how- 
ever, is one for total reaction of the organism rather than for local reaction. As 
development of the larva continues, local reflex arcs become individuated from 
the total reaction mechanism. Thus as the I<^s are elaborated, local leg reflexes 
become possible by a gradual process of modification in tbc cord involving the 
difTerentiation of new neurons. 

In mammals, Windlc, studjing cat embryos, has hchl that local reflexes, rather 
than total reactions, appear first. Angulo, with mis, and Hooker, with human 
fetuses, find total reaction first and individuated reflexes later. These obseria- 
tions have an important bearing on our conceptions of the growth and function- 
ing of the nervous system. 

As additional receptors are diffcrcntiatctl, other ascending fiber tracts are added 
within the cord and brain stem. The ascending fibers tend to increase in length, 
so that in man some extend all the way from the level of entrance as far as the 
medulla oblongata. Others end wthin the cord at various levels above the seg- 
ment of entrance, rela)ing their stimttli to secondary neurons which aggregate 
to form fiber tracts, ^iost of these continue without further intcrniption to the 
brain stem. There are indiations, however, that some of the functional tracts, 
even in mammals, consist of a cliain of neurons. 

The brain assumes an increasingly dominant control over the spinal cord 
mechanisms in man. This is accomplished by growth into the cord of descending 
fiber tracts from various brain centers, to be described. The spinal cord thus 
consists of the gray matter, with its groups of neurons, and the white matter, 
made up of nerve fibers. The latter may be divided into four categories, namely, 
(i) fibers from the spinal nerves (Fig. 62) ; (2) ascending fibers which originate 
in the cord and reach the brain stem; (3) descending fibers from the brain to 
various levels of the cord; (4) fibers from one level of the cord to another. 


FIBER TRACTS 

ASCENDING TRACTS 

The spinal nerves, with their components of somatic and visceral afferent and 
efferent fibers, break up into dorsal and ventral roots on approaching the cord 
The ventral roots contain the efferent fibers (Figs. 64 and 65), both somatic and 
visceral. They are distinguishable histologically by differences in size. They enter 
the cord to attach to their nerve cells in the ventral column and in the inter- 
mediolateral column, respectively The dorsal roots also are composed of two 
main categories of fibers, namely, general visceral afferents, from the viscera, 
and general somatic afferents, chiefly from the skin. The visceral afferents reach 
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gracilis. The nucleus in which the fibers terminate is known as the imrfriu of 
the fasciculus gracilis. It is located in the lower part of the medulla oblongata. 

FAScicnl-tiS CUKEATUS (Figs. 66 and 73)-— The fibers of the dorsal funiculus 
become arranged in layers in such fashion that those entering from the sacral 
nerves have the most medial position, lying against the dorsal median septum. 
Those entering from the lumbar nerves form the next layer, etc,, so that in pro- 
gressively higher levels of the cord the ascending fibers of the successive seg- 
ments assume a more and more lateral position From the 5th thoracic segment 
and upward the ascending rami in the dorsal funiculus constitute a distinct lateral 
bundle known as the fasciculus cuneatus. Its fibers terminate in the nucleus 



Fig. 66.-*-DrACRAM of Cross Sectiok of Spikal Cord Showing Connections of Dorsal 
Root Fibfrs with Various Ascending Fipfr Tracts 

fasciculus cuiicatus, in the lower end of (he medulla oblongata, lateral to the 
nucleus fasciculus gracilis. 

These long sensory fibers have (o do with two types of conscious stimuli 
only, according to Stopford One is recognition of the jiosition and passive move- 
ment of joints. The second is recognition of two points stimulated at the same 
time, i.e . compass test. 

Fasciculus lNTERrAScicULARis--The descending rami of the medial division 
fibers terminate in the gray substance of the posterior column. Some pass dircctlv 
to the posterior column, others first descend a short distance in the interfascicu- 
lar fascicle or comma bundle of Schultze. Still others descend in the sepfo- 
marywal fasciciihis before Xxirnmg into the gray substance. These two fascicuH 
also contain fibers which have their origin from cells in the cord. 

Spinal Lemniscus — This is a term applied collectively to the ascending 
fibers from spinal cord to the thalamus which convey pain, temperature and 
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Several functional types of fibers are represented. They also bifurcate into 
ascending and descending rami. The ascending rami of one functional type, not 
distinguishalilc liistologically from others, however, since all arc large myelinated 
fibers, pass upward a number of segments within the cord, giving off collaterals 
to tJie gray matter in their course, iKjforc the terminal processes also pass into 
the gray matter to end there in relation to dorsal column cells. 

Tiic Ventral Spinotralamic Tract.— T he cells of the posterior column 
give rise to fillers, also ny'cllnated, which cross tfiroiigh (lie ventral white com- 
missure to the other side of the cord and lake up their position In the ventral 
funiculus as the ventral spinotlialainlc tract (Fig. 66). TIic fibers then turn 
upward to terminate in the thalamus (Fig. 73). Injury to the cord which affects 



Fic 6s. — REFtE.N Akcs is Spinal Cord. 


this tract results in failure of tactile and pressure stimuli to reach the brain 
Again the skin area affected is on the side of the body opposite to that of injurj' 
to the cord. There is evidence that part of this tract is formed of relays in the 
cord and brain stem, constituting a spinoreticular tract. The ventral spinothalamic 
tract is also augmented at each successively higher level by fibers from each 
segment of the cord. It conducts impulses of lightest touch or pressure and of 
localization of touch (Stopford). 

Fasciculus Gracilis. — Many of the ascending fibers of the median division 
of the dorsal root ascend the length of the cord, from the level of entrance, to 
terminate in a nucleus at the lower end of the medulla oblongata (Figs 66 and 
75). These long ascending fibers fonn two bundles in the dorsal funiculus of 
the cord. Those from the lower part of the cord and upward to about the 5th 
thoracic segment form a bundle placed medially which is called the fasciculus 
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chiefly on the opposite side, hut to some extent on the same side. The crossed 
fibers reach tlie ascending bundle through the anterior commissure. The tract 
enters tlic cerebellum through the superior cerebellar peduncle and ends in the 
anterior lobe of the corpus cerebelh. This is phylogenetically the oldest of the 
spinocerebellar tracts. It is included with the spinotectal and the lateral spino- 
thalamic tracts as Coii’crs' fasciculus. 

The DORSAL srlNOCEREBELLA* TRACT of Fleclisig arises from cells (Fig. 76) 
of the dorsal column of Clarke. It is usually described as homolateral, but Pass, 
in the cat, describes it as derived chiefly from cells of the opposite side of the 
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cord. The fibers reach the lateral funiculus and occupy a superficial zone between 
the ventral spinothalamic tract and the jiosterolateral sulcus. They enter the 
cerebellum through the restifonn body and are distributed to the anterior lobe 
and part of the posterior lol>e of the corpus cerebelli. 

The INTERMEDIATE SPINOCEREBELLAR TRACT has been described by PelUzi 
and by Beck. It is closely associated with Flechsig’s tract and has been regarded 
as part of the latter. The spinocerebellar paths carry proprioceptive stimuli 
which do not come to consciousness but have to do with muscular coordination 
and related functions. 

The sriNoTECTAL TRACT utises from cells in the posterior gray column. The 
fibers cross to the opposite side of the cord and ascend in the lateral funiculus 
to reach the tectum of the midbrain. It is apparently a correlation pathway. 
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touch sensibility, as already described. The evidence for separation of the cord 
pathways of pain and tcinperature from those of touch and pressure is chiefly 
clinical. For example, syringomyelia involves destruction of the cord around 
the central canal in varying degree. Sometimes the anterior white commissure 
is destroyed, resulting in loss of pain and temperature sensations on the oppo- 
site side of the body below the level of the lesion. Touch and pressure sense 
may remain intact, due to the fact that the central rami of the posterior root 
fibers of the spinal nerves ascend for many segments on their side of entrance 



Fic 67.— SraioN of Spinal Cobd in Uppfr Cervical Region. 

Diagram on riglit hand side shows fiber tracts and cell groups Ascending fiber tracts 
blue, descending tracts red, ground bundles yellow. 


into the cord before relaying their impulses to the secondary fibers which cross 
and become the anterior spinothalamic tract. Lesions below the cervical region 
of the cord, if confined to one side, have httle or no effect on (ouch and pressure 
sensation, indicating a double pathway, one through the posterior funiculus and 
one through the lateral funiculus, for these sensations. The posterior funiculus 
contains the fibers for epicritic sensibility which is a more highly refined form 
of cutaneous sensibility than is carried by the fibers of the anterior spinothalamic 
tract The epicritic fibers are regarded as more recent, phylogenetically, than those 
of the lateral funiculus. 

Spinocerebellar Tracts (Figs. 66 and 77), — ^Fibers from the posterior 
column of the gray substance pass to the superficial part of the lateral funiculus 
and turn upward to end in the cerebellum The anterior spinocerebellar tract 
arises from cells in the posterior gray column and in the intermediate column, 
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in the gray matter, ascend or descend a varying number of segments and 
terminate in relation to cells at other levels of the gray substance. Fibers con- 
necting the nearer segments lie close to the gray substance while those connect- 
ing more distant parts of the cord are crowded farther away. Some fibers of 
this group intermingle with ascending or descending fibers wliose origin is not 
in the cord. Thus the coiitwa tract of 
Schultze, in the dorsal funiculus, already 
stated as made of mixed fibers, includes 
proprius fibers with the descending rami 
of spinal root fibers. This is also true of 
the septomarginal tract. The sulcomargi- 
nal tract, m the ventral funiculus, con- 
sists of ventral proprius fibers and fibers 
from the medial longitudinal bundles of 
the medulla oblongata. 

The proprius fibers make possible re- 
flex arcs between the different seg- 
ments of the cord. They undoubtedly 
play an important role in correlat- 
ing its activities. With Ihetr cell bodies 
and related processes they constitute 
the intercalated neurons lictween dor- 
sal and ventral root elements in many of the spinal reflex arcs. 

DESCENDING TRACTS 

A number of fiber tracts having their origin in various parts of the brain 
descend into the cord and terminate in its gray sub- 
stance. Some of the fibers form synaptic connec- 
tions directly with ventral root neurons, either 
somatic or visceral motor. The majority, however, 
appear connected by one or more intercalated 
neurons. Many tracts of different functional sig- 
nificance are connected in this way to the final 
motor neurons whose axons lead to the effector 
organs. The final motor neuron thus receives the 
correlated stimuli from many parts of the brain 
and cord, hence it has been called by Sherrington 
"the final common path.” 

The corticospinal tract or pyramidal tract conducts voluntary motor impulses 
from the cerebral cortex to the various levels of the cord. It has its origin 
from large pyramidal cells (Betz cells) in the precentral gyms. These cells are 
M arranged that fibers from specific regions of the gyrus pass to specific groups 
o! muscles. The tract passes through the ventral part of the brain stem into 
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Fic. 72 — Lowek Sacral 
Spinal Cord. 
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Fic. 71 .— Sacral Spinal Cord. 
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Tlic sriNO-OLiVARY TRACT slso lias Us origin from cells of the posterior gray 
column. The fthers cross and ascend to the inferior olive of the medulla ob- 
longata. 
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Fic. 69 — Upper TnotiACic Smsau Copd. 

CiRouND BUNDLES Of TROPRius TRACTS, already mcmioned. arc collected into 
three principal masses, namely, the f*nslcrior, the lateral, and the fPihrol i/rotuid 



hufidlcs, one for each fumeuius of the cord. They ocaipy a position adjacent 
to the graj- substance in their respective funiculi. The fibers arise from cells 
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gray column. There is evidence that fine terminal boiiloiis from at least some 
of these fibers end directly on ventral horn cells and their dendrites. Usually 
they are regarded as ending on cells intercalated between them and the cells 
of the motor root fibers. s • i i 

The VENTRAL CORTICOSPINAL TRACT (VENTRAL PYRAMIDAL TRACT) inClUcleS 

the fibers which continue directly into the ventral ftmicnliis of the cord without 



Fic. 74,— Diagram or the Pathway fob Pain and Temperature Sensation. 

The afferent neurons of the ist order ascend two or three segments in the spinal cord 
before making 5>naptic connections wdth the neurons of the and order The latter cross to 
the opposite side of the cord and ascend as the lateral spinothalamic tract. 

decussation at the lower end of the medulla oblongata. They form a small 
tract m the ventral funiculus. This can be followed usually into the upper 
thoracic cord, but there is much variation in its extent in different individuals. 
It appears to be a new tract phylogenetically, having been found only in higher 

85 



A TEXTBOOK OF NEURO-ANATOMY AND THE SENSE ORGANS 

the cord. At the level where the medulla oblongata merges with the cord it 
divides into a lateral and a ventral corticospinal tract, about four-fifths of the 
fibers crossing as the decussation of the pyramids. 

The LATERAL CORTICOSPINAL TRACT (Li\TERAL PYRAMIDAL TRACT) (FigS. 
67-72 and 225) is made up of the crossed and uncrossed fibers and forms a 



Fig. 73 — Diagram op the Pathway for Tactile Sensation. 

The afferent neurons of the ist order ascend a varying number of segments in the spinal 
cord before making synaptic connections with the neurons of the 2nd order. The latter 
cross to the opposite side of the cord and ascend as the ventral spinothalamic tract. 

large tract in the upper part of the lateral funiculus. It is the larger and more 
important of the two pyramidal tracts, but gradtially decreases in size as it de- 
scends It is recognizable as a distinct bundle as far as the fourth sacral segment. 
The uncrossed fibers pass directly from the pyramids into the tract of the lateral 
funiculus It gives off terminal fibers and collaterals which enter the anterior 
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When the upper motor neuron is injured, as in lesions of the corticospinal 
tracts, the voluntary muscles lose the power of controlled movement. Reflexes 
of spinal origin below the level of the lesion, however, remain intact. Thus 
the flexion reflex of the lower extremity is produced by stimulating the skin, 
especially of the foot. The flexor muscles of hip, knee and ankle contract, while 
the extensors relax in a protective movement involving many segments of the 
cord. In the Babmski reflex the flexor movement of the lower extremity is 
accompanied by an extension of the toes, which occurs when the corticospinal 
tract IS injured. 

Lesions of the lower motor neuron, such as severing the anterior roots or 
injury to the anterior column cells, as for example, by the virus of pohomyelitis. 



Fic. 76— Cells of Clarke’s Column. (From Cajal.) 

A, column of Clarke , B, nucleus of ititcrmediale gray substance ; E, central canal , a, 
axons from cells of Clarke’s column, showing collaterals; V, axons from cells of the inter- 
mediate gray substance Newborn moose. Golgi method. 


causes loss of all reflexes of the muscles involved, as well as loss of voluntary 
movements. The muscles gradually waste away to small size. 

The RUBROSPINAL TRACT (TRACT OF MoNAKOw) (Figs. 67-72 and 226) has 
its cells of origin in the red nucleus of the midbrain. The fibers cross in the 
ventral tegmental decussation and continue into the cord. The tract lies in the 
lateral funiculus and is described as reaching the sacral cord. The fibers enter 
the gray matter at successive levels, ending in relation to the motor cells of the 
anterior column 

The TECTOSPINAL TRACT (tract OF Lowentiial) (Figs. 67-72) arises in 
the roof (tectum) of the midbrain. The fibers cross, in part, in the dorsal 
tegmental decussation and descend in the ventral funiculus as far as the upper 
thoracic cord. They end directly or through intercalated neurons, in relation 
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apes and man. Most of tlie filwrji cross, a few at a time, in successive segments 
of the cord, to end in relation to ventral horn cells. There is evidence, however, 
that many terminate on the side from which they have their origin. 

Tlie cells and fibers of the corticospinal tracts form the first link in the 



Fig. 75 — Diagram op Fasciculus Gbacius Fasciculus Cuneatus Connections. 

The afferent neurons of the ist order ascend in the dorsal funiculus of the spinal cord, 
on the side of entrance, to the nucleus fasciculns gracilts and nucleus fasciculus cuneatus 
respectively, before relaying to neurons of the and order in these nuclei. Fibers from these 
nuclei cross in the medulla oblongata and form the medial lemniscus, which reaches the 
thalamus 

voluntary motor pathway They are called the upper motor neurons. The final 
link is formed by the motor cells of the anterior column and their anterior 
root fibers These constitute the lower motor neurons. Connection between the 
two IS made in the gray substance either by direct synapse or through the medi- 
ation of intercalated neurons of the cord. 
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thalamic tract. They extend to the lo\ver lumbar or sacral segments, giving off 
segmental fibers throughout its course which end in the anterior gray column. 
This tract serves equilibratory reflexes. 

A LATERAL VESTIBULOSPINAL TRACT, arising from cells in Dciter s nucleus 
and in the spinal vestibular nucleus, and descending in the lateral funiculus 
of the cord on the same side, has been described. The fibers intermingle with 
those of the rubrospinal tract. Tliis tract has not been well established. 

The RETICULOSPINAL TRACT ariscs from small groups of cells and from 
scattered cells in the reticular formation of the inidbrain and upper part of 
the pons. According to Papez there is an anterior and a lateral reticulospinal 
tract The first named passes, without decussation, through the medulla ob- 
longata into the anterior funiculus of the cord. The lateral tract fibers decussate 
and enter the lateral funiculus of the cord. Both are regarded as ending, directly 
or indirectly, in relation to motor neurons of the anterior gray and the inter- 
mediolateral columns. Some of the reticulospinal fibers clearly connect wdth 
cells whose axons form preganglionic fibers of the thoracic autonomic system 
They take part in vasomotor and other reflexes of visceral type. 

While the fiber tracts are represented as occupying circumscribed areas in 
the spinal cord, there is actually considerable intermingling of fibers belonging 
to tracts of different functional connections, especially at the margins of the 
various bundles. Areas actually overlap to a considerable extent, although shown 
m figures of cross sections of the cord, as a rule, as having definite boundaries. 


CLINICAL INTERPRETATION 

SOME LESIONS OF THE SPINAL CORD 

Complete section of the spinal cord in man, if care is taken to avoid infection, 
results in the following senes of phenomena; 

I Spinal shock, characterized by inability of the severed segments of the spinal 
cord to perform reflexes, or to maintain muscle tone. The sphincters of the 
bladder and rectum become strongly contracted as early as the third da}- after 
injury, but the skeletal muscles show flaccid paralysis and complete loss of tone 
below the level of injury. There is also complete loss of sensation and voluntary 
motion below the level of injury, with retention of urine and feces, due to con- 
traction of the sphincters. The severed part of the cord is rendered almost non- 
functional, illustrating its dependence, in man, on the higher centers. 

3. After one to three weeks the shock passes away and the reflex functions of 
the cord gradually return. The first to appear is the fle.xor reflex from stimula- 
tion of the sole of the foot by means that in a normal individual would produce 
pam. The earliest response is adduction and flexion of the toes, but with increased 
recover}- of function in the cord, such a stimulus elicits a flexor reflex consisting 
of extension of the toes (the Babinski reflex) accompanied by flexion of the 
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to the motor neurons of the interior column. A hicral Iccfospiml tract, made 
up of fibers of the above bundle, which on reaching the cord enter the lateral 
funiculus, instead of the ventral, has also been described. These tracts serve 
optic and auditory reflexes. 

The OLIVOSPINAL TRACT (Helwec’s BUNDLE) (Figs. 67-72) also Called the 
bulbospinal tract, arises in the medulla oblongata. Its exact origin is not clear, 
although it is usually described as in the inferior olive. It descends in the 



Fic 77.— Diagram of Spinocerebeixar Tracts and Connections. 

lateral funiculus, occupying a position lateral to the anterior gray column, 
as far as the lower cervical and possibly upper throracic segments of the cord. 
The termination of its fibers is obscure. 

The VESTIBULOSPINAL TRACT (Figs. ^-72 and 129) has its origin in the 
lateral vestibular nucleus of the medulla oblongata. The fibers descend in the 
ventral funiculus, intermingled with a^nding fibers of the ventral spmo- 
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thalamic tract. They extend to the lower lumbar or sacral segments, giving off 
segmental fibers throughout its course which end in the anterior gray column. 
This tract serves equilibratory reflexes. 

A LATERAL VESTIBULOSPINAL TRACT, arising from cells in Deiter’s nucleus 
and in the spinal vestibular nucleus, and descending in the lateral funiculus 
of the cord on the same side, has been described. The fibers intermingle with 
those of the rubrospinal tract. This tract has not been well established. 

The RETICULOSPINAL TRACT ariscs from small groups of cells and from 
scattered cells in the reticular formation of the midbrain and upper part of 
the pons. According to Papez there is an anterior and a lateral reticulospinal 
tract. The first named passes, without decussation, through the medulla ob- 
longata into the anterior funiculus of the cord. The lateral tract fibers decussate 
and enter the lateral funiculus of the cord. Both are regarded as ending, directly 
or indirectl}', m relation to motor neurons of the anterior gray and the inter- 
inediolateral columns Some of the reticulospinal fibers clearly connect with 
cells whose axons form preganglionic fibers of the thoracic autonomic S3’stem. 
They take part in vasomotor and other reflexes of visceral tj’pe. 

While the fiber tracts are represented as occupying circumscribed areas in 
the spinal cord, there is actually considerable intermingling of fibers belonging 
to tracts of different functional connections, especially at the margins of the 
various bundles. Areas actually overlap to a considerable extent, although shown 
in figures of cross sections of the cord, as a rule, as having definite boundaries. 


CLINICAL INTERPRETATION 

SOME LESIONS OF THE SPINAL CORD 

Complete section of the spinal cord m man, if care is taken to avoid infection, 
results in the following series of phenomena: 

1. Spinal shock, characterized by inability of the severed segments of the spinal 
cord to perform reflexes, or to maintain muscle tone. The sphincters of the 
bladder and rectum become strongly contracted as early as the third day after 
injury, but the skeletal muscles show flaccid paralysis and complete loss of tone 
below the level of injury. There is also complete loss of sensation and voluntary 
motion below the level of injury, with retention of urine and feces, due to con- 
traction of the sphincters. The severed part of the cord is rendered almost non- 
functional, illustrating its dependence, in man, on the higher centers. 

2. After one to three weeks the shock passes away and the reflex functions of 
the cord gradually return. The first to appear is the flexor reflex from stimula- 
tion of tile sole of the foot by means that in a normal individual would produce 
pain The earliest response is adduction and flexion of the toes, but with increased 
recoverj of function in the cord, such a stimulus elicits a flexor reflex consisting 
of extension of the toes (the Babinski reflex) accompanied by flexion of the 
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knee and ankle, adduction of the thigh and flexion of the Hip, i.c., a marked 
avoiding reaction. In some eases the opposite limb may also be involved. Gradu- 
ally there is some return of extensor reflexes and knee-jerk can Ixj obtained. 

3. The visceral reflexes return after the flexor rcflcxc-s. The bladder and 
rectum may begin to empty themselves at certain degrees of distention if care 
has been taken in earlier stages of recover' to prevent overdistention. Stimulation 
of the genitals causes erection, which may lie accompanied by emission, and by 
movements of coitus. 

Hemiscction of the spinal cord results in the following combinations of loss 
of sensory and motor functions, known as Urown-Sequard’s syndrome: 

1. Loss of voluntary muscular movement on the side of the lesion, beginning 
immediately below the level of injury. This is accompanied by increased muscle 
tone and exaggerated tendon reflexes knee-jerk) in the affected portions 
of the body. Such niotor loss, with increased muscle tonus and exaggerated 
reflexes is known as spastic paralysis. It is accompanied by little or no wasting 
of the muscles affected. It is due to injury to the upper motor neuron of the 
voluntary motor pathway. Tlie lower motor neurons arc intact, making possible 
muscular reflexes below the lesion. These are exaggerated because the control 
normally exercised by the upper motor neuron is removed. 

2. Loss of proprioceptive (muscle, joint and tendon) sense, with or without 
diminution of tactile sense below (he level of lesion on the same side. 

3. Loss of pain and temperature sense on the opposite side of the body, be- 
ginning two segments below the level of the lesion, 

4. Increased temperature and flow of blood on the same side due to paralysis 
of vasomotor fibers. 

5. No sensory or motor disturbances are found in other parts of the body. 
There are many variations of this syndrome, depending on the level of injury, 
its extent, etc. 

Dissociated Anesthesia. — Syringomyelia is a pathological condition of the 
spinal cord marked by excessive proliferation of neuroglia in the central gray 
substance, accompanied by formation of cysts. In this disease the fibers of pain 
and temperature, which cross in the white commissure, undergo degeneration, 
interrupting the pain and temperature pathway of the lateral spinothalamic tract. 

The fibers of touch and pressure which cross to the ventral spinothalamic 
tract are also injured. This type of sensibility, however, is also served by fibers 
in the dorsal funiculus which do not relay until they reach the medulla oblongata 
Hence pain and temperature sensibility may disappear in areas of skin supplied 
by nerves one or two segments below the part of the cord affected, while touch 
and pressure sensibility remains virtually intact. 

Hemorrhage within the spinal cord (hematomyelia) or tumors may destroj’ 
parts of the cord, with similar dissociation anesthesia 

Posterior spinal sclerosis or tabes dorsalis is characterized by a progressive 
degeneration of the posterior funiculi and of the posterior roots of the spinal 
go 
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nerves. There result in varying degrees, according to the amount of degenerative 
change: (l) incoordination of the muscles, especially of the extremities, from 
failure of proprioceptive stimuli to reach the coordinating centers of the brain; 
(2) reduced muscle tone and deep reflexes, also from failure of proprioceptive 
stimuli to function; (3) loss of tactile discrimination, although touch recognition 
is not lost since the fibers concerned cross and ascend in the ventral spinothalamic 
tract ; (4) pain and temperature senses are unaffected. 

Priwary lateral sclerosis is due to degenerative changes in the lateral pyramidal 
tracts, usually on both sides. The degeneration may begin at any level of the 
spinal cord but rarely affects the cervical region. It results in bilateral sixistic 
paralysis of both lower extremities, characterized by increased muscle tone, ex- 
aggerated tendon reflexes (e.g , knee-jerk), and loss of voluntary control of the 
muscles affected. Abnormal reflexes, such as the Babinski. appear. 

There is no atrophy, loss of contour, or degeneration reaction of tlie affected 
muscles. The absence of this reaction of degeneration, together with the e.x- 
aggerated reflexes and increased muscle tone, indicate that the lower motor 
neurons are not affected There are no sensor}* effects in lateral sclerosis. The 
motor effects are due to involvement of the upper motor neurons. 

In cowbiiicd sclerosis primaiy' lateral sclerosis of tlie pyramidal tract is com- 
bined with degeneration of the sensory fibers m the dorsal funiculus. This results, 
m addition to the motor disturbances of Literal sclerosis, in the sensory and 
reflex losses characteristic of posterior spinal sclerosis, 


REFERENCES 

Bruce, A, A topographic atlas of the spinal cord, iskh. WilILinis and Norgate 
■ — The tract of Go^\ers, Qu.irt. J. Physiol, 1910, 3.391. 

Creed, R. S, Denny-Brown, D, Eccues, J. C, LtooEu^ E G. anti SuERRiseTOx, C. S. 

Reflex activity of the spinal cord, 1932. Oxford Cmv. Press 
Herrick, C J and Coghill, G E. The development of refle.x mechanisms m ambhstoma 
J Comp. Neur, 1915, 25:65. 

.May, iV P The afferent patfi, Brain, 1906, 29:742. 

Papez, j W. Reticulospinal tracts in the cat, J. Comi*. Neur, 1926, 4l'365. 

Pass, I. J. Anatomic and functional relationships of the nucleus dorsaiis (Clarkes column) 
Arch. Neurol, and Pss'chiat., 1933. 30 1025. ' 

Ranson, S W The tract of Lissauer and the substantia gelatinosa Rolandi Am J 
Anat, 1914, 16 97. ’ 

The conduction of painful afferent impulses m the spina! nerves Am I Phvsiol 

1916, 40 5-1 , . J J , 

Shfkrington, C S The integrative action of the nervous system, 1906, Yale Univ Prc'ts 
Stopford. j S B. Sensation and sensory pathway. t 93 o. Longman^JSreyxJc Co 



A TEXTBOOK OF NEURO-ANATOMY AND THE SENSE ORGANS 

knee and ankle, adduction of the thigh and flexion of the hip, i.c., a marked 
avoiding reaction. In some eases the oi)positc limb may also he involved. Gradu- 
ally there is some return of extensor reflexes and knee-jerk can he obtained. 

3. The visceral reflexes return after the flexor reflexes. The bladder and 
rectum may begin to empty themselves at certain degrees of distention if care 
has been taken in earlier stages of recovery to prevent overdistention. Stimulation 
of the genitals causes erection, which may he accompanied by emission, and by 
movements of coitus. 

Hcmisection of (he spinal cord results in the following combinations of loss 
of sensory and motor functions, known as Urown-Sequard’s syndrome; 

I. Loss of voluntary muscular movement on the side of the lesion, beginning 
immediately below the level of injury. This is accompanied hy increased muscle 
tone and exaggerated tendon reflexes (c.g., knee-jerk) in the affected portions 
of the body. Such motor loss, with increased muscle tonus and exaggerated 
reflexes is known as spastic paralysis. It is accompanied by little or no wasting 
of the muscles affected. It is due to injury to the upper motor neuron of the 
voluntary motor pathway. The lower motor neurons arc intact, making possible 
muscular reflexes below the lesion. These are exaggerated because the control 
normally exercised hy tlie upper motor neuron i.s removed. 

a. Los'S of proprioceptive (mviscle, joint and tendon) sense, with or without 
diminution of tactile sense below the level of lesion on the same side. 

3 Loss of pain and temperature sense on the opposite side of the body, be- 
ginning two segments below the level of the lesion. 

4. Increased temperature and flow of blood on the same side due to paralysis 
of vasomotor fibers. 

5. Ko sensory or motor disturbances are found in other parts of the body. 
There are many variations of this syndrome, depending on the level of injury. 
Its extent, etc. 

Dissociated Anesthesia. — Syringomyelia is a pathological condition of the 
spinal cord marked by excessive proliferation of neuroglia in the central gray 
substance, accompanied by formation of cysts. In this disease the fibers of pain 
and ternperature, which cross in the white commissure, undergo degeneration, 
interrupting the pain and temperature pathway of the lateral spinothalamic tract 

The fibers of touch and pressure which cross to the ventral spinothalamic 
tract are also injured. This type of sensibility, however, is also served by fibers 
in the dorsal funiculus which do not relay until they reach the medulla oblongata. 
Hence pain and temperature sensibility may disappear m areas of skin supplied 
by nerves one or two segments below the part of the cord affected, while touch 
and pressure sensibility remains -virtually intact. 

Hemorrhage within the spinal cord (hematomyelia) or tumors may destroy 
parts of the cord, with similar dissodation anesthesia. 

Posterior spinal sclerosis or tabes dorsalis is characterized by a progressive 
degeneration of the posterior funiculi and of the posterior roots of the spinal 
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nerves. There result in varying degrees, according to the amount of degenerative 
change: (i) incoordination of the muscles, especially of the extremities, from 
failure of proprioceptive stimuli to reacli the coordinating centers of the hrain ; 
(2) reduced muscle tone and deep reflexes, also from failure of proprioceptive 
stimuli to function ; {3) loss of tactile discrimination, although touch recognition 
IS not lost since the fibers concerned cross and ascend in the ventral spinothalamic 
tract; (4) pain and temperature senses are unaffected. 

Primary lateral sclerosis is due to degenerative changes in the lateral pyramidal 
tracts, usually on both sides. The degeneration may begin at any level of the 
spinal cord but rarely affects the cervical region. It results in bilateral spastic 
paralysis of both lower extremities, characterized by increased muscle tone, ex- 
aggerated tendon reflexes (e.g., knee-jerk), and loss of voluntary control of the 
muscles affected. Abnormal reflexes, such as the Babinski, appear. 

There is no atrophy, loss of contour, or degeneration reaction of the aflfected 
muscles. The absence of this reaction of degeneration, together with the ex- 
aggerated reflexes and increased muscle tone, indicate that the lower motor 
neurons are not affected. There arc no sensory effects in lateral sclerosis. The 
motor effects are due to involvement of the upper motor neurons. 

In combined sclerosis primary lateral sclerosis of the pyramidal tract is com- 
bined with degeneration of the sensory fibers in the dorsal funiculus. This results, 
in addition to the motor disturbances of lateral sclerosis, in the sensory and 
reflex losses characteristic of posterior spinal sclerosis. 
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CHAPTER 8 
CRAmM. NERVES 

The cranial nerves may he divided into two groups according to the part 
of the brain to which they attach. The first four pairs, lying rostral to the 
isthmus, arc attached to the cerebrum. Tliosc lying caudal to the isthmus are 
attached to the medulla oblongata. The total number of cranial nerves is 
usually given as twelve, following the descriptive anatomists. The studies of 
comparative neurologists and more detailed analysis of central connections and 
peripheral distribution indicates that fifteen pairs should be recognized in man, 
in addition to the rudimentary ucrviis tcrminaUs. 

No one of them corresponds to the spinal ncr%’es, but several of those of 
the medulla oblongata correspontl more closely than do the more rostral nerves. 
The bulbar nerves arc arranged m a segmental pattern reminiscent of that 
111 the cord, but greatly modified in man because of the special structural rela- 
tions of the head and of the medulla oblongata. The functional components 
of the cranial nerves show various combinations of general somatic and general 
visceral afferent and efferent fibers, together with special fibers of each tj^e. 
Special afferent fibers arc due to the presence In the head region of special 
sensory organs, such as those of taste, hearing, etc. Special visceral efferent 
fibers are due to modified branchial musculature which they Innervate. The 
muscles are those of mastication and fadal e.xpression. They are voluntarj' 
muscles, in man, not to be distinguished histologically from striated muscle 
elsewhere in the body. However, because they had their origin, phylogenetically, 
from the musculature of the gill arches rather than from the myotomes, they 
are regarded as special visceral muscles. The motor nerve fibers to the tongue 
are classed as special somatic efferent by some anatomists who regard the 
tongue as a special myomeric structure. 

The cranial nerves (Fig. 78) are usually listed as follows: I, Olfactory; 
II, Optic; III, Oculomotor; IV, Trochlear; V, Trigeminal; VI, Abducent; 
VII, Facial; VIII, Acoustic; IX, Glossopharyngeal; X, Vagus; XI, Spinal 
Accessory; XII, Hypoglossal. 

On the basis of comparative anatomy and the more detailed knowledge of 
their connections they may be listed as i, terminal nerve; 2, olfactory; 3, optic; 

4, oculomotor; 5, trochlear; 6, abducent; 7, trigeminal (sensory V); 8, masti- 
cator (motor V) ; 9, facial {niotor VII ) ; 10, glossopahtme or intermediate 
nerve of Wrisberg (sensory VII and visceral motor) ; ii, cochlear; 12, vestib- 
ular; 13, glossopharyngeal; 14, vagus; 1$, hypoglossal; 16, spinal accessory. 
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CRANIAL NERVES 

While recognizing the morphological relations indicated by the second list, 
the nerve components will be indicated for the cranial nerves, by number and 
name, as usually given. This is done to avoid confusion between the account 
presented in this book and usual anatomical and clinical usage. Because they 
more nearly resemble the spinal nerves the more caudal of the series will first 
be considered. 



Fig 78— Ventral View of Brain Showing Roots of the Cranial Nfrves 


XII The hypoglossal nebvb arises from the ventral side of the medulla 
oblongata by a series of filaments which emerge between the pyramid and the 
olivary body. The nucleus of origin is an elongated group of cells extending 
antcroposteriorly in the medulla oblongata in the same relative position as the 
somatic motor column of the cord, but not directly continuous with the latter 
It IS called the hypoglossal iiiiclciis. The fibers belong to the geoerol soomlic 
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efferent group, but intcrminglccl with them, according to Langworlhy, there 
arc proprioceptor fibers to the tongue muscles. 

XI. The sriNAL accessory nerve has a double origin, part of it arising 
from tile upper five or six segments of tlic cord and part from the medulla 
oblongata. Its filaments of origin from the latter arc continuous with those of 
the vagus nerve. The spinal root fibers arise from the lateral part of the ventral 
gray column of the cord and reach the trapezi us and sternoma stoid muscles 
through the external ramus of the accessory nerve. These muscles arc regarded 
as brancliial derivatives, in part, hence the nerve fibers are included with the 
special visceral efferent group. Other fibers, also special visceral efTcrent, arise 



Fig 79 — Trigeminal and Facial Nerves and Some of Their Connfxtions. 
From Wilder, Htsiory of the Human Body, Henry Holt & Co., New York, IP23. 


from the nucleus ambiguus and reach the striated laryngeal and pharyngeal 
muscles, also derived from the branchial musculature. 

Getteral visceral efferent fibers take their origin from.the caudal part_of_the 
dorsal motor X nucleus and become included with the vagus, joining the lat ter 
through the internal branch of the accessory nerve. These fibers have the 
same function as the vagus fibers to the viscera of the thorax and abdomen, 
being supplementary to them. 

A small dorsal root ganglion is sometimes present on the 4th cervical fila- 
ments of the spinal accessory nerve. It is known as the ganglion of Froriep and 
represents a rudimentary sensory ganglion. 

X. The vagus nerve (Figs. 79 and 80) arises by 8 to 10 filaments which 
-extend for a considerable distance along the groove between the inferior 
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peduncle of the cerebelluTn and the olivary body. It is a mixed motor and 
sensory nerve, but does not have separate dorsal and ventral nerve roots, 
as do spinal nerves The sensory fibers, however, arc aggregated into four 
separate bundles which are distinct for much of their course in the solitary 
tract (Allen, 1924). Two ganglia, the jugular and the nodose, along the nerve, 
contain unipolar nerve cells which give rise to the sensory fibers. There are five 
functional components in the vagus, as follows: 

(1) General somatic afferent fibers from cells in the jugular ganglion 
reach the skm'rback of the ear through the auricular nerve. 

(2) General visceral afferent fibers, from cells in the nodose ganglion, 
pass to the lungs, the heart, the digestive tract, and the mucosa of the 
pharynx and larynx. 

(3) Special visceral afferent fibers from cells in the nodose ganglion pass 
to taste buds (in the infant) in the region of the epiglottis 

(4) General visceral efferent fibers, from the dorsal motor X nucleus, pass 
to the sympathetic ganglia of the thoracic and abdominal viscera, as 
preganglionic fibers, relaying their stimuli to postganglionic fibers in 
these ganglia. 

(5) Special visceral efferent fibers arise from cells of the nucleus atnbiguus 
and end in the striated branchiomeric musculature of the pharynx and 
larynx. 

IX. The clossopiiarynceal nerve (Figs. 79 and 80) also has five func- 
tional components, corresponding to those of the vagus Both are gill arch 
nerves in origin, with cutaneous and motor fibers in lower forms. The com- 
ponents are as follows : 

(1) General somatic afferent fibers, from cells in the petrous ganglion, 
join the posterior auricular branch of_the vagus to be distributed to 
the skin of the back of the ear and mastoid region 

(2) General visceral afferent fibers, from cells in the petrous ganglion, 
to the mucosa of the pharynx and part of the tongueT 

(3) Special visceral afferent fibers, from cells in the petrous ganglion, 
through the lingual branch of IX, to taste buds on posterior third' 
of tongue. 

(4) General visceral efferent fibers, f rom t he inferior salivatorv nucleus, 

as preganglionic fibers through the motor IXth root, tympani^^^c! 
small superficial petrosal nerves to the otic ganglion, wher^The' im- 
pulses are relayed to postganglionic fibers which reach the parotid 
gland. d 

(5) special visceral efferent fibers have their origiti in the nndens am- 

higum and pass through the motor IXth root and the stvtatoroSS 
branch of the IXth nerve to the branchiomeric striated musculature 
of the pharynx ^ — 
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Vlir. Tnn ACOUSTIC nerve (Hg. 13*) mnsUts o£ two divisions, naiocly, 
the vestibular and the cochlear, recognized as separate nerves in the second 
list given at the beginning of this cliaptcr. The cclls of.thc_vcstibular_division 
lic^in the vestibular ganglion of Scarpa ^nd the peripheral fibers pass to the 
ampullae of the semicircular canals and the maculae of the utriculus and the 
sacculus. The central fillers rcacU tUe veslUmlar nuclei and the cerebellum. They 
are projirioceptors, serving equilibrium and static sense. 
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Special somatic afferent fibers have their origin from cells of the spiral 
ganglion of Corti and terminate peripherally in relation to the hair cells of the 
cochlea and centrally in the cochlear nuclei. These fibers carry auditory stimuli. 

VII. The facial nerve (Figs. 79, 80 and 81) belongs to the hyoid arch 
and like IX and X has five functional components, as follows : 

(l) General jonioHc a^erent fibere, from cells in the geniculate ganglion, 
pass through the main trunk of the facial nerve and its cutaneous 
branch to the skin back of the ear and in the mastoid region, joining 
the corresponding rami of IX and X. 
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(2) Gmeml visceral afferent fibers, from cells in the geniculate ganglion 
for deep visceral sensibility, probably pass through all branches of the 

facial nerve. . 

(7) Special visceral afferent fibers, from cells of the geniculate ganglion, 
pa^s through the facial trunk, the chorda tympani and lingual nerve 
to the taste buds on the anterior two-thirds of the tongue. 

(4) General visceral efferent fibers have their origin in the superior saUva- 
tory nucleus and pass as preganglionic fibers through the intermediate 

o 


GrafliC superficial 
petrosal nerve 

Peep petrosal 
nerve 


Fic 81 — Section of Human Vidian Nerve Osmic Acid. 

A, section showing areas of myelinated fibers indicated by rings of various size, and 
unmyelinated fibers, indicated by clear areas. D, the region indicated by x hi A, more 
liigbly magnified. 

nerve of Wrisberg, the facial trunk, the chorda tympani and the Ungual 
nerve to the submaxiJlary ganglion, where the impulses are relayed 
by postganglionic fibers to the submaxillary and sublingual glands, 

(5) Special visceral efferent fibers arise from the motor VII nucleus and 
pass through the motor branches of the VII nerve to the mimetic 
muscles, derived from the musculature of the hyoid arch. 

The first four named components belong to the intermediate nerve of Wris- 
berg. The fifth, namely, special visceral efferent, belongs to the facial proper. 

VI The abduceN's nerve emerges from the medulla oblongata at the lower 
margin of the pons. It serves the lateral rectus muscle of the eye only. There are 
two components, namely: 
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(1) Special sowalic efferent to the external rectus muscle, the fibers arising 
from the ahduceiis nucleus. 

(2) Proprioceptors, to the c.xtemal rectus muscle. 

The motor fibers arc considered spedal somatic cfTerent fibers because of the 
special function of the c.xtrinsic eye muscles, not only in moving the eyeball 
which is an organ of special sense, but because fixation of vision on stationary 
objects is an important factor in maintenance of equilibrium. 

V. The trigeminal nerve (Fig. 79) is primarily the sensory nerve of the 
face and much of the head. Its three main branches, the ophthalmic, the maxil- 
lary and the mandibular, represent the same fundamental pattern as do the 
palatine, chorda tympani, and main facial branches of the Vllth nerve. The 
ophthalmic and maxillary divisions contain only alTcrent fibers to the skin of 
the head and face, to the teeth and meninges. In addition to such sensory fibers 
the mandihular division contains motor fibers i>assing through the motor root 
to the muscles of mastication, which are modified gill arch muscles, hence special 
visceral. There arc thus two functional components, in addition to proprioceptor 
fibers to the muscles of mastication, namely: 

(1) General somatic afferent fibers to the skin of the face and part of the 
head, 

(2) Special visceral motor fibers to the muscles of mastication. 

IV. The trochlear nerve sen-es the superior oblique muscle. It has its 
origin from the trodilear nucleus, below the inferior colliculus of the midbrain 
and in the motor column. The fibers, however, emerge dorsally through the 
anterior medullary velum, after crossing within the brain substance. Like the 
abducens it contains (l) special soinalie efferent fibers and (2) proprioceptor 
fibers. 

III. The oculomotor nerve supplies the superior rectus, the inferior rectus, 
the medial rectus, the inferior oblique and the superior levator palpebrae 
muscles. It also supplies the smooth muscle in the interior of the eye. Its com- 
ponents are as follows: 

(1) Special somatic efferent fibers from the oculomotor nucleus to the 
muscles indicated. 

(2) Proprioceptor fibers to the muscles named. 

(3) General visceral efferent fibers from the nucleus of Edinger-Westphal, 
in the midbrain, which pass as preganglionic fibers through the oculo- 
motor nerve and its branch to the inferior oblique muscle, then through 
a short branch to the ciliary ganglion, where they relay their impulses 
to postganglionic fibers to the sphincter muscle fibers of the iris and the 
ciliary muscle. 

II. The optic nerve, as described in textbooks of anatomy, is not a true 
nerve but corresponds more closely to a fiber tract in its structure and connec- 
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tions. Aside from fibers which will be described in connection with the optic 
system, it conveys only special somatic afferent impulses from the retina. 

I. The olfactory nerve serves a double function, namely, testing food, 
which IS a visceral function, and gaining information through scent of the 
environment, a somatic function. Many lower mammals and other vertebrates 
have a vomeronasal nerve to the vomeronasal organ (organ of Jacobson), but 
this is absent in man. In peripheral and central connections it is similar, in 
general, to the olfactory nerve but with connections to special parts of the 
olfactoiy mucosa and the olfactory bulb. 

The components of the olfactory nerve are: 

(1) Special visceral afferent fibers from neuro-epithelial cells of the olfac- 
tory membrane to the olfactory bulb. 

(2) Special somatic afferent fibers with the same origin and primary 
destination. 

The secondary’ and tertiary connections for the olfactory stimuli are very 
different, one group passing to visceral parts of the brain and the other to 
somatic regions. It is possible (hat these connections are more responsible for 
the two types of function shown by the nerve than are peripheral differences 
which have not been demonstrated. 

The nervus terminalis, discovered by Pinkus in 1885, was found in man 
first by Johnston (1914). It is rudimentary in the higher vertebrates and its 
origin and termination as well as its function arc not clear. In the lowest verte- 
brates it appears to be a general somatic afferent nerve of the skin. In mammals 
and man fibers and cells of sympathetic (visceral efferent) type occupy the 
position of the terminal nerve. A ganglion is usually found on its main trunk 
and scattered ganglion cells frequently occur on its main peripheral branches. In 
man it lies along the gyrus rectus, parallel to (he olfactory tract, and enters the 
brain by several roots through the anterior perforated space. 


CLINICAL INTERPRETATION 

SOME LESIONS OF THE CRANIAL NERVES 

facial nerve paralysis (Bell's palsy) is characterized by motor paralysis of the 
muscles of e.xpression It is a lower motor neuron effect due to injury to the 
Vllth nerve, usually from exposure to cold. The onset is sudden and the amount 
of paralysis is variable. Little wasting of the affected muscles is apparent because 
of their small volume. 

Section of the roots of the Vth nerve, including the motor root results in 
complete sensory paralysis of the skin of the face, the side of the head and the 
frontal part of the scalp, together xnth motor jiaraUsis of the muscles of mas- 
tication In trigeminal neuralgia it is sometimes necessary to section the sensory 
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roots to relieve the intractable pain. After such section the taste buds in the 
anterior two-thirds of the tongue still function when time is allowed for recovery 
from the operative procedure. It is recognized that gustatory fibers from the 
Vllth fierve pass via the chorda tympani into the lingual nerve, which is the 
•brandi of the.Vih nerve supplying the anterior part of the tongue. 

The spficno 'palatiuc ^yjidromc {Sluder’s syndrome). Irritation, as by infection, 
of the mucous membrane in the neighborhood of the sphenopalatine ganglion 
sometimes gives rise to pain nhich is referred by the patient to the mastoid 
region and which may extend to the neck and the base of the head. This is one 
expression of so-called referred pain. In this case it probably involves vasomotor 
reflexes set up by irritation of afferent fibers which pass through the spheno- 
palatine ganglion and reach the nuclei of the medtilla oblongata tlirough the great 
superficial petrosal nerve. Reflex vasomotor connections affecting the vessels of 
the mastoid region, the neck and the base of the head appear to lie made through 
the reticulospinal tract. Peripheral irritation of the nasal fibers produces vaso- 
constriction and ischemia in the mastoid region, with accompanying pain. The 
cutaneous branches of the Vllth, IXlh and Xth nerves also appear to be in- 
volved in bringing the pain impulses to the brain centers. Such pain can be 
allayed by applying a local anesthetic, as cocaine, to the sphenopalatine region 
or by injecting it into the skin of the mastoid region. This fact, together with 
vasomotor reactions from electrical stumilation of the splienopalatlne region, 
points to the interpretation that vasomotor phenomena arc largely respnsible for 
the sphenopalatine syndrome. 

In Gradenigo's syndrome there is pain in the face on one side accompanied by 
internal squint due to paralysis of the lateral rectus muscle of the same side. 
The symptoms arc due to infection in the tip of the petrous pyramid, inrolving 
the Vlih nerve and the gasserian ganglion. 
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CHAPTER 9 

THE MEDULLA OBLONGATA 


In the region of the medulla oblongata the embryonic neural i)late undergoes 
modifications of form so that it does not remain a tube save at its lower part 
which is continuous with the spinal cord. The greater part is spread out. taper- 
ing caudally toward the cord and rostrally toward the midhrain. The narrow 
central canal of the cord is continuous with the broad fourth ventricle of the 
medulla oblongata. Rostrally the fourth ventricle continues into the aqueduct of 
Sylvius The roof of the embryonic ventricle is made of a broad sheet of 
ependymal epithelium which extends from the rhombic lip of one side to the 
other. 

The adult medulla oblongata (Figs. 8a and 83) in man begins at the level of 
the upper rootlets of the first cervical nerve and extends to the lower margin 
of the pons, on the anterior side. It has a length of about 25 mm. The lower 
part shows an anterior median fissure, continuous with that of the cord, but 
broader and deeper. It continues to llic pons, where it terminates in a triangular 
pit called the foramen caecum. On each side of the fissure lies a large bundle of 
nerve fibers from the cerebrum, constituting the pyramids. At the lower end 
of the bull) these cross, forming the decussation of the pyramids. Intcrdigitating 
fibers from the two pjramids may be seen with a little dissection. These fibers 
obliterate the anterior median sulcus for 5 or 6 mm. 

The anterolateral sulcus, continuous with the sulcus of the same name of the 
cord, lies lateral to the pyramids on each side. Rostrally it separates the pyramids 
from the oln'cs, which arc eminences produced on the lateral surface by the 
inferior olivary nuclei. The olives extend from the lower border of the pons 
as oldong oval swellings about 12 mm. in length. Between the olives and the 
pyramids, along the anterolateral sulcus, emerge the roots of the Xlltli nerve, 
which are somatic efferent in function. Their position thus corresponds with 
that of ventral spinal roots. 

The posterior surface of the tubular part of the medulla oblongata is marked 
by a posterior median fissure. It is continuous with the posterior fissure of the 
cord and ends at the obex. On each side of the rostral part of this fissure there 
is a suelhng, the clava, formed by a nuclear mass m which end the fibers of 
the fasciculus gracilis or GoII’s column. It is therefore also called the nucleus of 
die /airiciihij gracxhs. The posterior median fissure is especially deep between 
these nuclei. 
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roots to relieve the intractable pain. After such section the taste buds in the 
anterior two-thirds of the tgiigue still function when time is allowed for recovery 
from the operative procedure. It is recognized that gustatory fibers from the 
Vllth’iiervc pass via the chorda tympam into the lingual nerve, which is the 
■brandy of the. Vth .nerve supplying the anterior part of the tongue. 

The spficuopalatiuc symlmuc {Slude/s syndrome). Irritation, as by infection, 
of the mucous membrane in the neighborhood of the sphenopalatine ganglion 
sometimes gives rise to pain which is referred by the patient to the mastoid 
region and which may extend to the neck and the base of the head. This is one 
expression of so-called referred pain. In tins case it probably involves vasomotor 
reflexes set up by irritation of afferent fibers which pass through the spheno- 
palatine ganglion and reach the nuclei of the medulla oblongata through the great 
superficial petrosal nerve. Keflex vasomotor connections affecting the vessels of 
the mastoid region, the neck and the base of the bead appear to be made through 
the reticulospinal tract. Peripheral irritation of the nasal fibers produces vaso- 
constriction and ischemia in the mastoid region, witli accompanying pain. The 
cutaneous branches of the Vllth, IXtli and Xth nerves also appear to be in- 
volved in bringing the pain impulses to the brain centers. Such pain can be 
allayed by applying a local anesthetic, as cocaine, to the sphenopalatine region 
or by injecting it into the skin of the mastoid region. This fact, together with 
vasomotor reactions from electrical stimulation of the sphenopalatine region, 
points to the interpretation that vasomotor phenomena' are largely respnstble for 
the sphenopalatine syndrome. 

In Grademgo's syndrome there is pain In the face on one side accompanied by 
internal squint due to paralysis of the lateral rectus muscle of the same side. 
The symptoms are due to infection in the tip of the petrous pyramid, involving 
the Vlth nerve and the gasserian ganglion. 
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the medulla oblongata 

tonus. Above this the narrotv taeniae from the two sides come together so as 
to form a thin triangular sheet, the obex. The taeniae continue to tlie under 
surface of the cerebellum as the posterior medullary velum. The rostral part of 
the rhomboid fossa is covered by the cerebellum and the anterior medullary 
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Fig. 83— Dorsal View of Brain Stesi. Including Medulla Oblongata. 


velum At the lower end of the ventricle and at the extremities of the lateral 
recesses there are small openings through the tela chorioidea which allow escape 
of cerebrospinal fluid from the fourth ventricle into the subarachnoid space The 
lower opening is called the foramen of Magcndie. Those at the tips of the lateral 
recesses are known as the foramina of Lnschta. They are also sometimes known 
as the foramina of Key and Refzitis. 
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Tlic posicrior iiilcnneilialc sulcus lies lateral to the clava and the continuation 
of the latter into the fnnicnlns graeilis. It separates the clava from the luber- 
cuUim cmicalum or nucleus of fasciculus cuncalus and its caudal continuation, 
the futuculus cuncatus. 

The posterior lateral sulcus forms the lateral boundary of the funiculus 
cuncatus and its nucleus, separating them from the tubcrculum cittcrcum, whicli 
is formed chieny by the spinal Vth tract and nucleus. The roots of the IXtb, 
Xth and Xlth nerves emerge from this sulcus. Both afTercnt and efTerent fibers 


Fic 82 — Latfral View or Mfoulla Obloncata. 

are included in the IXth and Xth roots. Only efferent fibers are present in the 
Xlth roots. 

The upper part of the medulla oblongata is flattened and expanded. The floor 
of the fourth ventricle, known as the rhomboid fossa, extends laterally behind 
the inferior cerebellar petiuncles, forming a lateral recess on each side. The 
floor of the ventricle has a number of markings formed by the deeply placed 
nuclei and other structures. The lateral avails, save at the tips of the lateral 
recesses, are formed of massive nervous tissue. The margin of the ventricle is 
formed by a band-Iike taenia, to the edge of which is attached a sheet of 
ependymal epithelium which forms the innermost layer of the ventricular roof. 
External to the epithelial layer there is a layer of pia mater called the tela 
chorioidea. It contains numerous blood vessels forming the chorioid plextts of 
the fourth ventricle. 

The lower end of the ventricle tapers to a point, called the calamus scrip- 
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THE MEDULLA OBLONGATA 

The visceral efTercnt fibers emerge from the visceral efferent column and the 
somatic efferent fibers of the Xllth nerve emerge from the somatic efferent 
column. The latter have a more ventral zone of emergence than do the visceral 
motor fibers. 

While the four columns named can be recognized in man, the relative sim- 
plicity of arrangement is lost. This is due to the entrance of numerous special 
fibers and to the fact that the bundles ascending from the cord become rear- 
ranged, either by interposition of nuclei in their course, e.g., the fibers of the 
dorsal funiculus, or by enlargement of various masses of bulbar gray matter 



Pig 85 — Cross Section or Medulla Oblongata of Moose. Golci Method (From Cajal.) 

A, hypoglossal nucleus, B, commissural ganglion: C, olivary nucleus, D, spinal Vth 
tract, E, motor roots of IXth and Xtli nerves; F, nucleus ambiguus; G, terminal portion 
ot the vestibular spinal nucleus; H, transverse section of the solitary tract; L, fibers to 
olivary nucleus; a, p>ramids, b, collaterals from fibers of and near pyramids; c, raphe; d, 
collaterals from lateral column; e, sensory collaterals to nucleus ambiguus; /, recurrent 
fibers of motor root passing to spinal Vth tract; j. crossed motor roots of IXth and Xth 
nerves , h, collaterals of sensory root of these nerves to nucleus of solitary tract. 

which displace the spinal tracts. In addition to the four general functional 
columns named, corresponding to those of the cord, there are present in the 
bulb several special columns, namely, special somatic afferent, special visceral 
efferent and special somatic efferent. 

In the human medulla oblongata the columns of gray substance as well as the 
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In lower vertebrates the boor of the ventricle is marked by four Ion|;itudinal 
columns wliicli represent nnelei of gray nialtcr. Tlie most medial oti each side 
of the niidline is tlie somatic motor colunin^It lits in the same relative position 
as the ventral gray column of the cord. Lateral to it lies the visceral motor 



Fig. 84. — Motor and Sensory Nuclei of Medulla Oblongata. 
In part from Herrick. 


column, corresponding in position, in general, fo the infermediolateral column 
of the cord. A prominent furrow, the sulcus liinitaiis, recognizable in man (Fig. 
83), bounds this column laterally and thus separates the visceral motor column 
from the visceral sensory column which lies lateral to the sulcus. At the dorso- 
lateral margin of the rhomboid fossa is found the somatic sensory column 
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modifies the pattern of internal arrangement, as it conrses upward on each side 
o! the median plane. 



MOTOR NUCLEI 

Ventral Nucleus of the Spinal Accessory Nerve — At the lower limit 
of the decussation of the pyramids the anterior gray column is smaller than in 
the upper cervical cord, \vith which it is continuous. It is partly separated from 
the remaining gray substance by bands of decussating pyramidal fibers. At the 
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funicuH of white substance utidei^o considerable rearrangement. The change is 
gradual in the lower part of the bulb, but is very marked above the inferior level 
of the olives. The deeply buried central canal of the spinal cord and lower end 
of the medulla oblongata gradually emerges toward the dorsal surface and ex- 
pands into the fourth ventricle. The central gray substance around the canal 
spreads out with the ventricle into the gray substance of the ventricular floor. 
The remaining gray substance increases in volume and is differentiated into motor 
and sensory nuclei. The four functional columns above named can be recognized 
in man by the grouping of nuclei of the same functional types. In place of con- 



Fig. 86. — Diagram of Motor Nuclei of Medulla Oblongata and Motor Roots of 
C uANtAL Nerves. 

tinuous columns of cells, however, there are distinct nuclear masses, separated 
by fiber masses and reticular substance. 

Other changes in the medulla oblongata, as compared with the spinal cord, 
are due to the presence of large bundles of fibers such as the pyramids and the 
medial lejitnisats. The pyramids descend from higher levels of the brain, covering 
the anterior surface of the medulla oblongata in their course to the spinal cord. 
The rearrangement of their fibers at the decussation of the pyramids, in the 
lower end of the medulla oblongata, brings about much modification in the latter 
from the simple pattern of structure found in the spinal cord. The medial lem- 
niscus has its origin in the lower part of the medulla oblongata and further 
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cervical cord, but also disappears at the lower level oi the decussation of the 
medial lemniscus. 

Nucleus Fasciculus Gracilis aud Nucleus Fasciculus Cuneatus (Dor- 
sal Nuclei). — The central gray substance increases in mass and assumes a 
quadrilateral form, in cross section, in the lower part of the medulla oblongata. 
At the upper levels of the decussation of the pyramids it shows the beginning 
of dorsal e.xtensions whicli represent the nucleus gracilis and the nucleus cuncalxts. 
These are new features m the gray substance. They are the terminal nuclei of 
the fasciculus gracilis and of the fasaculus cuneatus, respective!)’. Their large 
masses of cells give rise to cle^'ations on the surface of the medulla oblongata 
known as the clava, above the gracile nucleus, and the cuncalc tubercle above 
the cuncate nucleus. 

These nuclei extend forward to about the middle level of the inferior olives, 
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Fig. 89 — Cros-s Section of Spinal Cord Just Below Decussation of Pyramids. 


givrnjT fibers which form finporfant additions to the mtcnml arcualc fibers 
of tile medulla oblongata. Most of the internal arcuate fibers from the dorsal 
nuclei decussate and turn rostrally as the medial lemniscus. Others are described 
as reaching the cerebellum through the restiforra iiody. Dorsal cxlcnml arcuate 
fibers from the dorsal nuclei pass into the restiforra body of the same side to 
reach the eercbelKim. 

Somatic Motor Nuclei. — Tlie ventral spinal accessory nucleus has already 
been named. Above the decussation of the pyramids the central gray substance 
enlarges ventrally to form the nucleus of the XITth nerve, the motor nerve of 
the longue. This is an elongated group of cells extending to the acoustic striae, 
rostrally, and forming a triangular eminence in the floor of the fourth ventricle 
known as the Irigojmm hyfoglossi The fibers from this nucleus emerge as a 
series of rootlets between the inferior olive and the pj'ramids. The nucleus of 
the Vlth nerve {ahducens nucleus) lies near the midplane in the same longi- 
109 




A TEXTBOOK OF NEURO-ANATOMY AND THE SENSE ORGANS 
middle level of the decussation it is quite small and is completely cut off from 
the central gray mass I)y intervening pyramidal fibers. It disappears, save for a 
few cells, at the level of the decussation of the medial lemniscus. In this way the 
ventral nucleus of tlic spinal accessory nerve becomes a distinct mass at its upper 



Fig 88. — Viscerag Afferent and Visceral Efferent Nuclei and Cranial Nerve Boots, 


end while continuous with the anterior column of the spinal cord below. The 
lower portion gives rise to motor fibers of the 1 st cervical nerve. The nucleus 
is augmented by the ventral portion of the lateral gray column This increases 
in size at the lower level of the pyramidal decussation, as compared with the 
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to migrate during ontogenetic as well as phylogenetic development toward the 
source of tlicir chief stimuli. 

The motor Vth uuclcus lies in line with the Vllth nucleus and the nucleus 
ambiguus in the upper levels of the tegmentum of the pons. It gives origin to 
the fibers of the motor Vth nerve supplying the muscles of mastication. 

SENSORY NUCLEI 

Solitary Tract and Nucleus — Since, as described in the chapter on the 
cranial nerves, the Vllth, IXth and Xth nerves possess the same five functional 
components, part of the medulla oblongata shows a pattern of organization not 
unlike the spinal cord. The visceral afferent fibers, as they enter from the three 
nerves, become arranged into a distinct bundle known as the solitary tract (Fig. 
88). This runs from the lower end of the medulla oblongata, where it exchanges 
fibers through the commissure of Cajal with the corresponding tract of the 



Fio f»i —Diagram of Somf. Coxnfctions in the Medulla Oblongata at the Level of 

THE PYRAMIDS. 

other side, to the level of the entering fibers of the Vllth nerve. It is parallel 
to the mam nuclear mass of the visceral sensory column, known as the nucleus 
of the solitary tract, lying ventral and ventrolateral to it. The visceral afferent 
fibers eventually terminate in this nucleus to form refle.x connections and relavs 
to higher centers. 

In like manner the somatic afferent fibers (Fig. 87) from the Vth, Vllth 
IXth and Xth nei^’es are regarded as entering a common tract. This is called 
the spinal Vth tract because the majority of its fibers are derived from the chief 
cutaneous sensory nerve of the head, namely, the trigeminus. In lower verte- 
brates it IS clear tltat cutaneous fibers from all of the nerves named enter this 
tract 

The NUCLEUS or the spinal Vth tract (Figs. 84 and 98) lies parallel to, 
and receives terminal fibers from, the spinal Vth tract. This nucleus is con- 
tinuous null the gelatinous substance of Rolando of the cord, which receives 
terminals of cutaneous fibers of the spinal nerves corresponding to those of the 
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tudinal column as the hypoglossal nucleus. It is separated from the latter by 
transverse fiber masses so that it forms a distinct nuclear mass. 

General Visceral Motor Nuclei. — The dorsal Xlh nucleus, giving rise to 
the general visceral motor fibers of the IXth and Xth nerv’cs, is the principal 
general visceral motor nucleus. It is located below the ala ciucrca, lateral to the 
hypoglossal nucleus. Rostral and somewhat lateral to the dorsal Xth nucleus are 
found the inferior and suf^crhr salk'atory nuclei. The inferior nucleus supplies 
motor fibers to the parotid gland through the IXth nerve and otic ganglion. The 
superior nucleus supplies secretory filters to the submaxillary and sublingual 



Fic. 90.— Cross Section of Medulla Oblongata at Levrl of Dfcussation of Pyramids. 

glands through the intcrmwliatc nerve of Wrisltcrg, chorda tympam and sub- 
maxillary ganglion. 

Special Visceral Motor Nuclei. — ^The nucleus aiiiblguus or ventral Xlh 
nucleus^ lies in the lateral part of the reticular formation between the inferior 
olivary nucleus and the rootlets of the IXth and Xth nerves. It is an elongated 
mass of cells, extending from the level of the calamus scriptorius to the acoustic 
striae. It tapers somewhat caudally. Its cells give rise to motor fibers of the IXth 
and Xth nerves, supplying the striated muscles of the larynx, pharynx and palate, 
i.e., branchiomeric muscles. 

The Vllth motor or facial nucleus lies in the ventrolateral part of the reticular 
formation above the nucleus ambiguus but in line with it. The cells give rise 
to fibers forming a large bundle which passes dorsomedially to the medial side 
of the Vlth nucleus and then hooks over the latter to emerge just behind the 
pons The facial nucleus gives rise to motor fibers to the muscles of expression. 
The relation of this nucleus and its fibers to the Vlth nucleus is a classic ex- 
ample of Kappers’ law of neurobtotaxis, according to which nuclear masses tend 
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to migrate during ontogenetic as well as phylogenetic development toward the 
source of their chief stimuli. 

The motor Vih miclcxis lies in line with the Vllth nucleus and the nucleus 
ambiguus in the upper levels of the tegmentum of the pons. It gives origin to 
the fibers of the motor Vth nerve supplj-ing the muscles of mastication. 


SENSORY NUCLEI 

Solitary Tract and Nucleus. — Since, as described in the chapter on the 
cranial nerves, the Vllth, IXth and Xth nerves possess the same five functional 
components, part of the medulla oblongata shows a pattern of organization not 
unlike the spinal cord The visceral afferent fibers, as they enter from the three 
nerves, become arranged into a distinct bundle known as the solitary tract (Fig. 
88) This runs from the lower end of the medulla oblongata, wliere it exchanges 
fibers through the coinmissxtre of Cajal with the corresponding tract of the 



Fig gi. — D iagram of Some Coxnectioxs in the Medulla Oblo.scata at the Level of 
THE Pyramids. 


other side, to the level of the entering fibers of the Vllth nerve. It is parallel 
to the mam nuclear mass of the visceral sensory column, known as the xiiiclcus 
of the solitary tract, lying ventral and ventrolateral to it. Tlie visceral afferent 
fibers eventvially terminate in this nucleus to form reflex connections and relays 
to higher centers. 

In like manner the somatic afferent fibers (Fig. 87) from the Vth, Vllth 
IXth and Xth nerves are regarded as entering a common tract. This is called 
the spinal Vih tract because the majority of its fibers are derived from the chief 
cutaneous sensory nerve of the head, namely, the trigeminus. In lower verte- 
brates it is clear that cutaneous fibers from all of the nerves named enter this 
tract. 


The NUCLEUS OF THE SPINAL Vtii TRACT (Figs. 84 and 98) lies parallel to 
and receives terminal fibers from, the spinal Vth tract. This nucleus is con’ 
tinuous witli the gelatinous substance of Rolando of the cord, which receives 
terminals of cutaneous fibers of the spinal nerves corresponding to those of the 
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trigeminus from the skin of the head. The central fihers of the trigeminus differ 
from those of the cord hy the fact that the ascending rami are short while the 
descending rami are long. This appears true also of the cutaneous fibers of 
Vllth, IXth and Xth. 

SrnciAt. So.\iATic ArraanKT Arha.— T he dorsolateral margin of the me- 
dulla oblongata is entered by the Vtrith nerve. Two special cell masses, the 
dorsal and the vcalral coclikar nude! (Fig. ray) receive the cochlear fibers 
directly. They lie at the dorsolateral margin of the medulla oblongata, hfedial 
to the cochlear nuclei and extending rostrally and caudally from them are the 
vestibular nifclei, four in number, which receive terminal fihers of the ves- 
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Fic. 92 — Cross Section of Medulla Oblongata at Lfatl of Dorsal Nuclei. 


tibular division of the Vlllth nerve. The four vestibular nuclei are the 
superior or Bechtercw‘s nucleus, the ntedial or Schzvalbc's nucleus, the lateral 
or Deitcrs’ nucleus, and the spinal vestibular nucleus. 

In fishes and salamanders the special somatic afferent column extends cau- 
dally, as the acousticolatcral area, to the lower level of the Xth roots, receiving 
lateral-line, vestibular and such acoustic fibers as are present. In the transi- 
tion from water to land habitat the lateral-lme system is lost, but a remarkable 
adaptation of the acousticolatcral area is effected which transforms it into purely 
vestibular and acoustic nuclei. This is shown in the metamorphosis of the frog 
tadpole, as well as in the contrast between salamanders and the adult frog. 
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LEMNISCUS SYSTEMS 

The medial lemniscus is one of the most important features of the medulla 
oblongata. As already stated it has its origin from the dorsal nuclei. It begins 
itist above the rostral level of the decussation of the pyramids. The fibers cross 
the midplane as internal arcuate fibers foniling the decussation of the medial 
lemniscus and then ascend to the thalamus. The decussation extends rostrally to 
about the middle of the inferior olives. At this level the nuclei of the fasciculus 



Fig 93 — Sfction of Medulla Oblongata of Krrrr.N at Lfvel of Dorsal Nuclei Golgi 
Mftiiod (From Cajal ) 

A, nucleus of tlie fasciculus cuncatus, B, trelatmoiis substance of Rolando; C. nucleus of 
the fasciculus gracilis; D, collaterals; E, boundary of lateral column; F. peduncle of nucleus 
of fasciculus gracilis; a, axons; bundles of ascending sensory roots 

gracilis and fasciculus cuneatiis end, and internal arcuate fibers from this source 
cease to be given off 

The medial lemniscus, however, is augmented by fibers from the sensory 
nuclei of the cranial nerves lying more rostrally in the medulla oblongata so that 
it becomes the principal sensory’ pathway through the brain stem as far as the 
thalamus In the lower part of its course it has a vertical position, in transverse 
sections, on each side of the median raphe. Dorsal to the pons, however, it 
gradually assumes a horizontal and more lateral position as if twisted sideways 
and continues so into the midbrain. The change in position is due in part to 
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trigeminus from the skin of the head. The central fibers of the trigeminus differ 
from those of the cord by the fact tliat the ascending rami are short while the 
descending rami are long. This appears true also of the cutaneous fibers of 
Vllth, IXth and Xih. 

Special Somatic ArmaRNT Area,— T lie dorsolateral margin of the me- 
dulla oblongata is entered by the Vlllth nerve. Two special cell masses, the 
dorsal and the voiifral cochlear nuclei (Fig. 127) receive the cochlear fibers 
directly. They lie at the dorsolateral margin of the medulla oblongata. Medial 
to the cochlear nuclei and extending rostrally and caudally from them arc the 
vestibular nuclei, four in number, whicli receive terminal fibers of the ves- 
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tibular division of the Vlllth nen’C. The four vestibular nuclei are the 
superior or Bechterew’s nucleus, the medial or Sclnvalbe’s nucleus, the lateral 
or Deiters’ nucleus, and the spinal vestibular 

In fishes and salamanders the special somatic afferent column extends cau- 
dally, as the acousticolateral area, to the Imver level of the Xth roots, receiving 
lateral-line, vestibular and such acoustic fibers as are present. In the transi- 
tion from water to land habitat the lateral-line system is lost, but a remarkable 
adaptation of the acousticolateral area is effected which transforms it into purely 
vestibular and acoustic nuclei. This is sho\vn in the metamorphosis of the frog 
tadpole, as well as in the contrast between salamanders and the adult frog. 
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The dorsal secondary Vth tract. Touch fibers from the face appear to end 
chiefly in the superior sensory Vth nucleus. These include light touch as well as 
fibers carrying discriminative impulses. There is little dissociation of these dif- 
ferences of sensation in the medulla oblongata corresponding to that in the spinal 
cord. The superior sensory Vth nucleus gives rise to the dorsal secondary Vth 
tract, which reaches the lateral nucleus of the thalamus with the ventral sec- 
ondary Vth tract. The two groups of secondary Vth fibers constitute the 
ingemnial lemniscus. 

OTHER STRUCTURES 

The INFERIOR OLIVE (Figs. 95 and 96 ) is a rounded projection on the surface 
of the medulla oblongata produced by the inferior ohVory nuclei. In addition to 



pio 95 —Cells of the Inferior Glut, of New Born Child (From Cajal.) 

A, marginal cell, B, tlcep cell, a, axon, b, collateral. 

the mam nucleus there is a dorsal accessory and a medial accessory olivary 
nucleus. The mam nucleus consists of a much folded layer of gray matter 
containing numerous rather small cells. These give rise to fibers which emerge 
from the capsule of the nucleus at the medially placed hilum to form the 
peduncle of the oUve. The emerging fibers form the olivocercbcUar tract, reach- 
ing the cerebellum on the opposite side after decussating in the midplane and 
ascending through the resliform body. 

A small nuclear mass, the arcuate nucletis,' lies among the ventral arcuate 
fibers between the pyramid and the surface. In their course through the medulla 
oblongata, after decussation, they form part of the system of internal arcuate 
fibers. The olivary internal arcuate fibers are smaller than those of the medial 
lemniscus. In addition to cerebellar connections from the olivary nucleus, there 
are claims of cerebello-olivary connections, hut their existence is not established. 
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additions from nuclei in tlic upper parr of Uic medulla oblongata to tlie main 
mass of fibers derived from the dorsal nuclei. 

A large mass of filers from the nuclei related to t!ie cocldcar apparatus forms 
the lateral lemniscus, which takes its course lateral and parallel to the medial 
lemniscus as far as the inferior colliculus. The lateral lemniscus terminates In 
the inferior colliculus and the medial gciiiailatc body. 

Tile spiml fenunsenj, consisting of spinotectal ami spinothalamic tracts, ventral 
and lateral, takes its course in the lower part of the medulla oblongata as a 
separate bundle. It lies dorsolateral to the inferior olivary nucleus and lateral 
to the reticular formation. It gradually becomes included in the general mass 



of the medial lemniscus, adding fibers conveying impulses of pain and tem- 
perature from the spinal cord. Fibers of light touch and tactile discrimination 
are found in the dorsal part of the medial lemoiscus throughout its length. Such 
fibers are derived from the dorsal nuclei. 

The ventral secondary irigeminat tract, derived from the spinal Vth nucleus 
and carrying principally pain and temperature impulses from the face and head, 
also is gradually incorporated into the medial lemniscus. This tract is formed of 
somewhat scattered fibers m the lower part of the medulla oblongata, only some 
ascending with the medial lemniscus. In the pons region they have become a 
part of the general lemniscus mass, lying medial to the lateral lemniscus. 
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slices between the interlacing bundles are occupied by nerve cells, some aggre- 
gated into small nuclear masses. Longitudinal fiber bundles run through the 
reticular formation. The largest of these is the medial lemithcus, which lies 
close to the miciplane dorsal to the pyramid. It receives internal arcuate fibers 
from the bulbar nuclei, forming the main bundle between them and the thalamus. 
Above the medial lemniscus is found the continuation from the cord of the 


ventral spinothalamic tract, and above this in 
median longitudinal bundle lies above the 
latter. 

The INFERIOR CEREBELLAR PEDUNCLE Of 
RESTiFORM BODY IS a thick mass of fibers 
lateral to the lower part of the fourth ven- 
tricle, which connects the medulla oblongata 
and spinal cord with the cerebellum. It con- 
tains the continuation of the dorsal spino- 
cerebellar tract, direct vcslibnlar fibers, iin- 
clcovcstibular fibers, olivocerebellar fibers, 
fibers from arcuate and lateral reticular nu- 
clei, posterior external arcuate fibers from 
the external cuneate nucleus and perhaps 
from the nucleus gracilis of the same side. 
Descending fibers from the cerebellum are 
found m the inferior peduncle, as described 
in the chapter on the cerebellum. 

CLINICAL interpretation 

SOME LESIONS OF THE MEDULLA OBLONGATA 
AND PONS 

In lesions of the medulla oblongata there 
are various combinations of motor and sen- 
sory phenomena not met with in lesions of 
the spinal cord These are due to the re- 
arrangement of fiber tracts, the crossing of 
important motor and sensory pathways, and 
the individual nuclei of several of the cranial 
nerves connected uith the medulla oblongata. 
Circumscribed lesions may affect motor and 
sensory fibers alone or such fibers in com- 
bination Mith bulbar nuclei in a great variety 
of patterns. 

A lesion in the upper part of the pons 
may involve sensory fibers of the Vth 
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turn lies the tectospinal tract. The 



Fig. 98 — CovNEcnoss of the Vth 
Nerve. (From Cajal ) 

A. easserian ganglion; B, mesen- 
cephalic Vth nucleus; C, motor Vth 
nucleus; D, motor Vth nucleus; E. 
hypoglossal (Xllth) nucleus; F, 
cells of spinal Vth nucleus; G, sec- 
ondary sensory A'^th tract; a. ascend- 
ing branch of sensory root; b, de- 
scending branch; c, ophthalmic divi- 
sion; d, maxillary division; e, man- 
dibular division. 




A TEXTBOOK OF NEURO-ANATOMY AND THE SENSE ORGANS 

There arc also indications of homoJatcral ccrebro-oli^’ary connections. Collateral 
branches of the corticospinal tract enter the inferior olivary nucleus. There are 
also fibers from the reticular formation. 
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Fic. 96.— Cross Section or MrjiutLA Ocloncata at M»ddi.e Lnn. or Inferior Olive. 
The RETICULAR PORMATiON of tbc mcdulta oblongata is a mass of nerve 
'fibers and cells extending from below the floor of the fourth ventricle to the 



Fig. 97 Diagram of Some Connections of Ikfebior Olive and of Venfral External 

Arcuate Fibers. 

pyramids and olivary nucleus, and from the niidplane to the inferior cerebellar 
peduncle, laterally. The fiber bundles run at various angles to each other, some 
being directed longitudinally and others transversely or nearly so. The inter- 
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nerve and also the medial lemniscus. In such a case there would be sensor}' 
paralysis ol the face on the side ol the lesion, and loss of sensation in the body 
and limbs on the opposite side. 

Syndrome of Avellis. — A lesion may be so circumscribed as to involve only 
the nucleus ambiguus and the spinal lemniscus. This results in loss of pain and 
temperature sensation from the neck down, on the opposite side of the body, 
together with paralysis of the vocal cords and half of the palate on the side 
of the lesion. The sensorj* loss on the opposite side of the body is due to in- 
volvement of the lateral spinothalamic tract which has already crossed in the 
spinal cord. The motor loss is due to lower motor injur>- of vagus fibers to the 
muscles of the palate and the vocal cords which arise from the nucleus ambiguus. 
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Fig ioo — Diagram of Co.vnections of Acoustic Nerie 


AUemafe paralysis of the extremities {crossed hemiplegia), involving one arm 
and lire opposite leg, may be brought about by lesions in the medulla oltlougata 
if located between the decussation of fillers to the upper extremities and those 
to the lower e.xtrenlities. The former cross at a higher level than do the latter. 
The lesion must therefore be located on the side represented hy the upper ex- 
tremity paralysis and opposite to that of the lower e.xtremity paralysis. The 
paralysis in both cases is of the spastic t}-pe, since upper motor neurons are 
involved. 

Syndrome of Millard-Gubler. — A lesion involving the roots of the Vlth 
nerve and the pyramid on one side results in paralysis of the external rectus 
muscle on the same side, with motor parahsis of the opposite Italf of the body 
(hemiplegia). The e.xtemal rectus paralysis results in internal squint of the 
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nen-e and also the medial lemniscus. In such a case there would be sensory 
paralysis of the face on the side of the lesion, and loss of sensation in the body 
and limbs on the opposite side. 

Syndrome of Avellis.— A lesion may be so circumscribed as to involve only 
the nucleus ambiguus and the spinal lemniscus. This results in loss of pain and 
temperature sensation from the neck down, on the opposite side of the body, 
together with paralysis of the vocal cords and half of the palate on the side 
of the lesion. The sensory loss on the opposite side of the body is due to in- 
volvement of the lateral spinothalamic tract which has already crossed in the 
spinal cord The motor loss is due to lower motor injury of vagus fibers to the 
muscles of the palate and the vocal cords whicli arise from the nucleus ambiguus. 
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Fig xoo — Diagram or Connectioss or Acous-nc Nerve. 


Allermic paralysis of the extremities (crossed hemiplegia), involving one arm 
ami the opposite leg, may he brought about by lesions in the medulla oltlongata 
if located between the decussation of fibers to the upper extremities and those 
to the lower extremities. The former cross at a higher level than do the latter. 
The lesion must therefore be located on the side represented by the upper e.x- 
tremity paralysis and opposite to that of the lower extremity paralysis The 
paralysis in both cases is of the spastic type, since upper motor neurons are 
involved. 

Syndrome of Millard-Gubler. — ^A lesion involving the roots of the Vlth 
nerve and the pyramid on one side results in paralysis of the extermi rectus 
muscle on the same side, with motor paralysis of the opposite half of the bodv 
(hemiplegia). The external rectus paralysis results in internal squint of the 
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affected eye and double vision. The lower motor neuron is involved in the eye 
muscle paralysis, and the upper motor neuron, above the decussation of the 
pyramids, is involved in the body and limb muscle paralysis. The latter is there- 
fore of the spastic type. 

Alternating hypoglossal and one sided paralysis {syndrome of the pyramidal 
tract and hypoglossal nerve), is produced by lesions involving the pyramid and 
the roots of the Xllth nerve on the same side. Injury to the latter results in 
flaccid paralysis with atrophy of the tongue musculature on the affected side, 
giving the tongue a corrugated surface. When protruded the tip of the tongue 
will turn toward the affected side. The injur}' to the pyramidal tract above the 
decussation of the pyramids results in spastic paralysis of the arm and leg on 
the opposite side, accompanied by the Babinski reflex, ankle clonus and ex- 
aggerated tendon refle.xes such as the knee-jerk. 
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CHAPTER 10 

THE VISCERAL SYSTEM 

The visceral system of nerves and ganglia, nsually called the s>-mpalhetic 
system, is concerned with regulation of the internal organs, the blood vessels, 
and the glands of the body. It is part of the jxrriphcral nervous system and is 
connected with many of the cerebrospinal nerves and through them, with the 
brain and cord (Fig. 102). As in the somatic system there are alTerent and 
efferent fibers. 

The VISCERAL AFFERENT SYSTEM is Scattered, fibers being found in several 
of the cranial nerves and in nerves leading to the thoracic and abdominal 
viscera. These lead to receptors locatc<l in mucous mcmliranes and in the walls 
or capsules of visceral organs. The fibers reach the brain or spinal cord through 
spinal and cranial nerves, in whose sensory ganglia their nerve cells are located. 
They form the afferent links of visceral reflex arcs which are concenied, in 
general, with regulation of the activity of smooth muscle and glands. Aside from 
the special visceral afferent stimuli of taste and smell, visceral afferent impulses 
rarely reach the conscious level, although they play a role in producing so-called 
referred pain. 

The VISCERAL EFFERENT SYSTEM IS calle<! the autonomic system, a term 
introduced by Langley. It is subdivided, according to the location of its central 
cells and the nerves which distribute its fibers, into cranial, ihoracohitnhar and 
sacral divisions. The cranial and the sacral divisions have in common the fact 
that their ganglia lie in or near the organs they innervate. They also have 
certain physiological and pharmacolc^ical characteristics in common, which con- 
trast these divisions with the thoracolumbar division. Together they are usually 
spoken of as the craniosacral autonomic system, or the parasympathetic system. 
The nerve fibers from brain and cord, called the preganglionic fibers (Fig. 103), 
approach the peripheral ganglia through the Illrd, Vllth, IXth, Xth, and 
Xlth cranial nerves, and through the nervus erlgcns {pelvic nerve), made up 
of fibers from the 2nd, 3rd, and 4th sacral nerves. All of these nerves have other 
functional components and the fibers in question constitute only the visceral 
efferent component. Histologically they may be recognized as small, myelinated 
fibers, 1.5 to 4 microns in diameter. On reaching the peripheral ganglia the 
fibers branch and make synaptic connections with ganglionic nerve cells. This 
is usually accomplished by synaptic networks about the cell bodies. 

The axons of the ganglion cells extend from the ganglion to the organ 
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of fibers from the 2nd, 3rd, and 4th sacral nerves. All of these nerves have other 
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is usually accomplished by synaptic networks about the cell bodies. 

The axons of the ganglion cells extend from the ganglion to the organ 
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innervated and end in relation to smooth muscle or gland cells. Stich processes 
arc called postganglionic fibers (Fig. 103). in the craniosacral divisions of the 
visceral cfTcrcnt system the postganglionic filters are relatively short. It uill be 
noted that there arc two neurons in the vi.sccraj motor apparatus. One, giving 
rise to the preganglionic fiber, is located in the vi.sccral motor nuclei of the 
brain stem or in the interincdiolatcra! gray column of the cord. The second in 
the chain is located in the peripheral ganglion and gives off the postganglionic 



Fic loj, DiACBAti OF Pre- and Post-Ganclionic Fibers and Their Kelation to 

Central Nervous System and Perifheral Ganglia. 


fibers. Each preganglionic fiber, through its terminal branches, makes synaptic 
connections with many ganglion cells, thus activating a large number of effector 
elements. This arrangement also holds for the thoracolumbar autonomic sys- 
tem Ranson and Billingsley have shown that the average is 32 cells in the 
superior cervical ganglion of the cat for each preganglionic fiber in the cervical 
sympathetic trunk above the middle cervical ganglion By this arrangement 
impulses are widely diffused in the visceral efferent systems. 
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ganglia to the spinal nerves, in addition to connections from these ganglia to 
visceral organs through the various plexuses. 

The thoracolumbar part of the visceral efferent system serves, in general, 



Fic los -S chema of Ceaniosaceai. Viscebal Efferent Connections. 


|*she<l through the multiple connections with cells in the 
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becoming included in tlie common spinal nerve trunk for a short distance. They, 
leave the nerve trunk through the white communicating branches, whicli con- 
nect nerve trunks and prcvcrtcljral ganglia, to enter these ganglia. White rami 
are present only between the 8th cervical or ist thoracic and the 2nd to 4th 
lumbar segments. All preganglionic fibers wliicli enter the sympathetic trunk, 
therefore, do so in these segments of the liody. 

In the cat and prohahly in man, the filrcrs which ci\tcr from the 8th cervical 
and upper five thoracic cord segments either terminate in the first sympathetic 
trunk ganglion they reach or turn upward within the sympathetic trunk to termi- 
nate in a ganglion at a higher level. A large numlier of preganglionic fibers from 
the 8th cervical and the upper two or three thoracic segments reach the superior 
ccr\’ical ganglion. Others of the preganglionic fibers reach the middle and inferior 
cervical ganglia. 

From the 5th to the 9th thoracic segments preganglionic fibers entering the 
sympathetic trunk may ascend or descend to terminate at a higher or lower 
level. Many end in the first ganglion they reach. Others from these segments 
pass through the prevcrtcbral ganglia, without interruption, to become the small 
myelinated fillers of the greater splanchnic ner%'c and to terminate as synaptic 
networks about the cells of the coeliac ganglion. 

The preganglionic fibers entering the taink below the pth thoracic segment 
cither tenninate in the first ganglion reached or pass downward in the sym- 
pathetic trunk, save those which pass tlirougU the ganglia to form the splanchnic 
nerves. In the 9th and 10th segments of the thorax, fibers pass through the 
ganglia without interruption and form the lesser sf>Ianchnic nerve. This enters 
the coeliac plexus, after piercing the diaphragm, and terminates in the aor/i- 
coroial ganglion. The loxvcst splanchnic nenv, when present, arises in similar 
manner, cither from the last thoracic sympathetic ganglion or as fibers from 
the lesser splanchnic ner\-e. These fibers end in relation to the ganglion cells 
of the renal plexus. 

The preganglionic fibers which descend in the sjanpathetic tnmk may extend 
as far as the last sacral ganglion. The indications are that the preganglionic 
fibers from the lower thoracic and lumbar segments extend farther into the 
sacral part of the trunk than do those from higher segments. 

Postganglionic fibers from the prcvertebral and collateral ganglia are dis- 
tributed to blood vessels, visceral muscle and glands From the prevertebral 
ganglia fibers reach the common spinal nerve trunks tlirough the gray com- 
iiiunicatwg branches. These rami are gray in color, in contrast to the white 
rami, because they are made up of unmyelinated postganglionic fibers. The white 
rami receive their color from the myelin sheaths of the preganglionic fibers. 

White rami are present in only the thoracic and upper lumbar segments, 
but gray rami are given off from all the sympathetic chain ganglia. In the 
thoracic and upper lumbar segments they lie side by side with the white rami. 

In the cervical, lower lumbar and sacral regions gray rami alone connect the 
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great deep petrosal nerve which passes through the Vidian canal to reach the 
sphenopalatine ganglia. The fil>crs in question traverse the ganglion without 
interruption, some continuing through the sphenopalatine branches of the Vth 
nerve, the maxillary nerve, and the zygomaticotemporal nen-’e to reach the 
lachrymal gland. Others apparently are distributed to the blood vessels of the 
nasal region. 

5. Eye. — O ther branches from the internal carotid plexus pass through the 



Fic loG — N erve Endings in Human Bronchial Muscle. 

ah'd, alveolar duct, as, air sac; cl, afrmm; mubd, muscle band; 11 f\ , nerve fiber- 
pul art , pulmonary artery. 

Ciliary ganglion to reach the radial muscle fibers of the iris. Stimulation of 
these fibers causes dilatation of the pupil It has been demonstrated that cutting 
only some of the long ciliary nerves is followed, on stimulation, by contraction 
of only part of the radial fibers of the iris, indicating that the postganglionic 
fibers are distributed through the several long ciliary nerves to different parts 
of the iris. 

Some of the other chief thoracolumbar paths are summarized in Table II 
together with the craniosacral paths to various organs. 
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ganglia. The diffusion of impulses is primarily segmental, but by overlapping 
of preganglionic fibers into the ganglia of adjacent body segments, and even 
those as far removed as the cervical and the sacral, the diffusion is extended. 

A typical simple example of segmental autonomic innervation is represented 
by the vasomotor fibers to the blood vessels of any of the thoracic segments. 
The preganglionic fibers arise in the intcrmcdlolateral gray column. They ter- 
minate in the prevcrtcbral ganglion of the same segments, leading to this gan- 
glion through the white communicating hranch. They form synaptic connections 
with cells which give rise to postganglionic fibers. These fibers reach the 
periplieral common nerve trunk through the gray communicating branch, and 
arc distributed by this nerve and its subdivisions to blood vessels and glands, 
chiefly of the corresponding segment- Visceral efferent fibers of segmental origin 
are distributed as follows: — 

1. Lungs.— -The thoracolumbar autonomic fibers to the lungs arise in the 
upper three or four thoracic segments of the cord. The preganglionic fibers 
reach the stellate and inferior cervical ganglia. The postganglionic fibers pass 
through the pulmonary ple.xus to reach the blood vessels of the lung and pleura 
and possibly the bronchial musculature. 

2. Heart. — The thoracolumliar fibers to the heart likewise arise in the upper 
thoracic cord. The preganglionic fibers reach the sympathetic trunk through 
the white rami, chiefly those to the stellate and inferior cervical ganglia. Jfany 
fibers ascend in the trunk to terminate in the superior cervical ganglion, others 
end in the middle cervical ganglion, and still others in the inferior cervical or 
stellate ganglia. Postganglionic fibers having their origin in these ganglia form 
respectively the superior, the middle and the inferior cardiac nerves, which pass 
through the cardiac plexus to terminate in the heart muscle. There are also 
some postganglionic fibers from the 2nd, 3rd, 4th and 5th thoracic ganglia, 
which reach the heart as the thoracic cardiac nerves. When the thoracolumbar 
autonomic nerves of the heart are stimulated the rate of the heart beat is in- 
creased. When they are cut the heart rate is retarded. 

3. Other Viscera. — ^Thoracolumbar fibers reach the remaining viscera 
through a series of plexuses. The pulmonary and cardiac plexuses in the thorax 
and the coeliac, hypogastric and pelvic plexuses of the abdominal cavity, represent 
the larger of the visceral plexuses. Secondary plexuses extend from them along 
the arteries or other organs. In addition to nerve fibers the plexuses contain clus- 
ters of ganglion cells. It is held tfiat such ganglionic clusters receive preganglionic 
fibers and give off postganglionic fibers in the same manner as the coeliac ganglia 
in their relation to the splanchnic nerves. 

4 Head. — ^Thoracolumbar fibers to the head arise from the superior cer- 
vical ganglion. Plexuses are formed on the internal and the external carotid 
arteries. These represent postganglionic fibers from cells in the superior cervical 
ganglion. They are distributed to the blood vessels of the head and to other 
organs, as follows: Fibers from the internal carotid plexus form part of the 
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great deep petrosal nerve which passes through the Abidjan canal to reach the 
sphenopalatine ganglia. The fibers in question traverse the ganglion without 
inteTTUptiort, some continuing through the sphenopalatine branches of the ^Th 
nerve, the maxillary nerve, and the Z3*gomaticotemporal nerve to reach the 
lachrymal gland. Others apparently are distributed to the blood vessels of the 
nasal region 

5. Eye. — O ther branches from the internal carotid plexus pass through the 



Fjg 106,— N^RiE Exai.vfis in Human Bronchial Muscle. 

ah'd, aUeolar duct, fls, air sac; a(., atrium; »hkM, tnusck band; >1 5 , nerve fiber; 
/>td arf , pulmonary artery. 

Ciliary ganglion to reach the radial muscle fibers of the iris. Stimulation of 
these fibers causes dilatation of the pupil. It has been demonstrated that cutting 
only some of the long ciliary nerves is followed, on stimulation, by contraction 
of only part of the radial fibers ol the ins, indicating that the postganglionic 
fibers are distnbuted through the several long ciliary nerves to different parts 
of the iris. 

Some of the other chief thoracolumbar paths are summarized in Table II 
together with the craniosacral paths to various organs. 
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A TEXTBOOK OF NEURO-ANATOMY AND THE SENSE ORGANS 
CRANIOSACRAL DIVISION 


The CRANIAL VISCERAL EPrcRCNT Of AUTONOMIC System (Fig. 105) is 
adapted for localization of visceral motor impulses, rather than their general 
diffusion. Instead of originating from cells of a continuous column as do the 
thoraco\und)aT filers, the cranial anloitomic preganglionic fibers are given off 
from relatively small circumscribed visceral motor nuclei in the brain stem 
They terminate in synaptic relation to cells in the cranial sympathetic ganglia, 



Fig. 107 — Nerve Endikcs in Human BuoNcniAL Mucous Gland. 
ac , acinus; ^7/1., ganglion; nfi, nerve fiber; nerve trunk. 


namely, the ciliary, the sphenopalatine, the otic and submaxillary, or the 
cardiac, bronchopulmonary and enteric ganglia. Postganglionic fibers from 
cells in these ganglia reach the smooth muscle or gland cells of the organ in- 
nervated. The action is usually antagonistic to that of the thoracolumbar innerva- 
tion of the same organs. 

The SACRAL VISCERAL EFFERENT or AUTONOMIC system has the same gen- 
eral arrangement and functions as the cranial. The preganglionic fibers arise 
from cells in the ist, 2nd, 3rd and 4th sacral segments of the cord and reach 
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terminal ganglia on or near the pelvic organs. Postganglionic fibers from cells 
m these ganglia terminate in the smooth muscle or glands of the organs, giving 
again an innervation antagonistic to the thoracolumbar autonomic. The chief 
pathways of the cranial and sacral autonomic systems are given in Table II. 


THE respiratory MECHANISM 

The visceral region of the medulla oblongata includes nerve connections which 
coordinate the various muscles concerned with respiration and regulate the rate 
of breathing. The term “respiratory center” has been applied to this mechanism, 
which was described by Legallois and Flourens (i8j7) as lying at the apex 
of the calamus scriptorius. It is no longer regarded as localized at this point. 



Fig- 108 Fig. :05. 


Fig 108— Small Ganglion in Human Lung. Rogers Method. 

Fic 109— Ganglion Cells a.v» Pericellulaji SYS\mc Ketwork. 

Metihlene Blue Stain. 

but apparently includes several foci in the reticular formation of tlie medulla 
oblongata. Reticulospinal fillers carry impulses to the spinal cord. Fibers also 
have been described from the nucleus of the solitary tract which terminate in 
the cervical cord as a sohtariost'inal tract. 

It has been demonstrated that the rate of respiration is affected by the amount 
oi carbon dioxide in the blood reaching the medulla oblongata. The central 
mechanism is stimulated directly by excess of carbon dioxide, according to the 
results oi Haldane. Gesell and others. It has been shown however that ox\-gen 
scarcity or excess of carbon dioxide in the blood produces, in addition, a 
peripheral effect by stimulating nerve endings in the lung and in the carotid 
sinus or carotid body. Such stimuli would reach the solitary tract through 
vagxis fibers They are then relayed to the coordinating mechanism where they 
are integrated with the various other stimuli received by it. 
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CRANIOSACRAL DIVISION 


The CRANIAL VISCERAL EFFERENT OF AUTONOMIC systcm (Fig. I05) is 
adapted for localization of visceral motor impulses, rather than their general 
diffusion. Instead of originating from cells of a continuous column as do the 
thoracolunihar fibers, the cranial autonomic preganglionic fibers are given off 
from relatively small circumscribed visceral motor nuclei in the brain stem. 
They terminate in synaptic relation to cells in the cranial sympathetic ganglia, 
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ac , acinus, gn , ganglion; nerve fiber; n Ir., nerve trunk. 


namely, the ciliary, the sphenopalatine* the otic and submaxillary, or the 
cardiac, bronchopulmonar)' and enteric ganglia. Postganglionic fibers from 
cells in these ganglia reach the smooth muscle or gland cells of the organ in- 
nervated. The action is usually antagonistic to that of the thoracoUimbar innerva- 
tion of the same organs 

The SACRAL VISCERAL EFFERENT Of AUTONOMIC system has the same gen- 
eral arrangement and functions as the cranial. The preganglionic fibers arise 
from cells in the ist, 2nd, 3rd and 4th sacral segments of the cord and reach 
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terminal ganglia on or near the pelw organs. Postganglionic fibers from cells 
in these ganglia terminate in the smooth muscle or glands of the organs, giving 
again an innervation antagonistic to the thoracolumbar autonomic. The chief 
pathways of the cranial and sacral autonomic systems are given in Table II. 


THE RESPIRATORY MECHANISM 

The visceral region of the medulla oblongata includes nerve connections which 
coordinate the various muscles concerned with respiration and regulate the rate 
of breathing. The term “respiratory center” has been applied to this mechanism, 
which was described by Legallois and Hourens (1847) as lying at the apex 
of the calamus scriptorius. It is no longer regarded as localized at this point, 
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Fic 108.— Small Gakclioh iu Human Lung. Rogers Method. 
Fig. io 9 “— Ganglion Cells and Pericellular Svnaptic Ketwork. 
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but apparently includes several foci in the reticular fonnation of the medulla 
oblongata Reticulospinal fibers carry impulses to the spinal cord. Fibers also 
have been described from the nucleus of the solitary tract which terminate in 
tlie cervical cord as a solitariosphial tract. 

It has been demonstrated that the rate ot respiration is affected by the amount 
of carbon dioxide in the Mood reaching the medulla oblongata. The central 
mechanism is stimulated directly by excess of carbon dioxide, according to the 
results of Haldane. Gesell and otliers It has been shown howeyer that oxygen 
scarcity or excess of carbon dioxide in the blood produces, in addition a 
peripheral effect by stimulating nerxe endings in the lung and in the carotid 
sinus or carotid body. Such stimuli n-onld reach the solitary tract through 
yagus fibers They are then relayed to the coordinating mechanism where they 
are integrated with the various other stimnli received by it. 
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The CRANIAL VISCERAL EEFERENT Ot AUTONOMIC system (Fig. IO3) JS 
adapted for localization of visceral motor impulses, rather than their general 
diffusion. Instead of originating from cells of a continuous column as do the 
thoracolumbar fibers, the cranial autonomic preganglionic fibers arc given off 
from relatively small circumscribed visceral motor nuclei in the brain stem. 
They terminate in synaptic relation to cells in the cranial sympathetic ganglia, 



Fic, 107 — Nerve Endings in Human Bronchial Mucous Gland. 
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namely, the ciliary, the sphenopalatine, the otic and submaxiltary, or the 
cardiac, bronchopulmonary and enteric ganglia. Postganglionic fibers from 
cells in these ganglia reach the smooth muscle or gland cells of the organ in- 
nervated. The action is usually aiiti^nistlc to that of the thoracolumbar innerva- 
tion of the same organs. 

The SACRAL VISCERAL ■EFFERENT or AUTONOMIC system has the same gen- 
eral arrangement and functions as tlie cranial. The preganglionic fibers arise 
from cells in the 1st, 2nd, 3rd and 4th sacral segments of the cord and reach 
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VASOMOTOR PHENOMENA 

Stimulation of the sympathetic trunk or section of the vagus nerve accelerates 
the heart rate. The efTect of sympathetic stimulation is direct. Sectioning the 
vagus on the other hand removes the inhibitory action of the vagus centers. 
Conversely, section of the sympathetic branches to the heart or stimulation of 
the vagus retards the heart rate. Normally the cranial autonomic and the thora- 
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Section of both vagi results in penmnent slow, deep lircatliing because of 
loss of impulses from the lungs which normally accelerate the respiratory rate. 
The respiratory mechanism of the medulla oblongata has usually been de- 
scribed as having an automatic activity hut recent experimental studies indicate 
that peripheral stimuli from the lungs arc necessary to respiratory rb)thin as 



Fig. iio — Vasomotor Nfrves oh Pulmonary Arteries 
br., bronchus; HZ'/., nerve plexus, par, parenchjma of lung; piilnrl, branch of pul- 
monary artery. 

Fie 111 — Nerve Fibers on Pulmonary Carillaries. 
br , bronchus , cap., capillary plexus ; m ^ , nerve fibers. 


well as depth There are two types of stimuli from the lung, one affecting the 
rate of breathing and the other affecting its depth. Several histological types 
of nerve endings in the lung have been demonstrated. 

Strong stimulation of other sensory nerves, as the trigeminal endings of the 
nasal lining or free endings in the bronchial epithelium produce sneezing or 
coughing by violent coordinated action mediated by the respiratory center. 
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THE ENTERIC PLEXUS 

The digestive tube, like the heart, lungs and other visceral organs, has a double 
innerv’ation, namely, craniosacral autonomic (parasympathetic) and thoracolum- 
bar autonomic (sympathetic). In the wall of the tube there are two plexuses 
of nerve fibers with clusters of ganglion cells at their points of interlacement. 
One plexus lies between the longitudinal and circular lasers of the muscular 
coat. It is known as the mycnlcric plexits or plexus of Auerbach (Fig. 114). The 



Fig. 114— Aoesdach's Plexus at Middle Third of Duodenum. 
Irwin, i^iii /. Amt , 1931, 49:152 


second lies in the submucosa and is known as the cosat flerus or Uccus 

of Messner. Both are made up of vagus fibers and fibers from the sra, 
pathetic ganglia, and of intrinsic ganglion cells and fibers arising from Hie latter 
They are connected by bundles of fibers from one to the other plexus 
The myenteric plexus begins in the esoplmgus 30 to 40 mm. below the level 
of he larynx and continues to the internal sphincter in the lower part of the 
rectum. The submucosal plexus in the esoplmgus consists only of small bu iies 
of nerve fibers of afferent type, without ganglion cell clusters The fibm termt 
iiate in receptor endings in the epithelium or below it. In the stomach walTfc 
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tine ganglion, in the case of the nasal membrane (Figs. 112 and 113) and 
tlirough the pelvic nerve, in the ease of the pelvic organs, Botli of these nems 
include parts of the craniosacral autonomic system. 
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Fic 113 — Diagram of Some Connections Between Afferent Fibers op Craniai. 
Nerves and Vasomotor Fibfrs. 


The question of vasodilators in tlie segmental nerves of the body is .RttU un- 
settled A considerable amount of evidence has accumulated pointing to the 
conclusion that such fibers, having their cells in the spinal cord, emerge through 
the dorsal nerve roots, and are distnbuted to the blood vessels. 



THE VISCERAL SYSTEM 

lation of the vagus excites secretion and stimulation of the sympathetic fibers 
inhibits secretion. The enteric plexuses must perform their normal functions 
reflexly, however, subject only to regulation by the nerves of external origin. 

After bilateral section of vagus and splanchnic nerves to the intestine, local 
reactions to chemical or mechanical stimulation of the intestinal mucosa con- 
tinue. These reactions are of the nature of coordinated reflexes. Rhythmic con- 
tractions also take place. The physiological data indicate a local coordinating 
nervous mechanism nhich can act independently of the central nervous system, 
to which the enteric plexuses arc connected by the extrinsic fibers. 


CLINICAL interpretation 
Horner’s syndrome 

Lesions of the cervical sjmpathetic trunk may result in paralysis of the 
dilator fibers of the iris, with extreme contraction of the pupil (myosls) ; droop- 
ing of the eyelid (.ptosis) from paralysis of the superior tarsal muscle; marked 
sinking of the eyeball (enophtbalmus) from paralysis of the orbital muscle of 
^luller, a non-striated somewhat rudimentary muscle in the orbit across the 
infra-orbital groove and sphenomaxillary fissure. These ocular aspects of 
Horner's syndrome are accompanied by increased blood supply to the face, with 
redness and increased temperature, but with absence of sweating The vasomotor 
effects are clue to interference with the vasoconstrictor fibers of thoracolumbar 
autonomic origin The absence of sweating is due to injury to the preganglionic 
fibers to the sweat glands of the face. 
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submucosal plexus becomes prominent and continues as a marked plexus of 
fibers and ganglia into the intestine. 

Various portions of the plexuses receive their extrinsic nerves from different 
parts of the sympathetic trunk and the parasympathetic outflow. The esophagus 
receives its sympathetic fibers chiefly from the inferior cervical ganglion. The 
stomach and small intestine receive sympathetic fibers from the coeliac ganglion. 
The appendix, ascending and transverse colon are supplied from the ganglia 
of the superior mesenteric plexus, and the descending colon from the inferior 
mesenteric plexus. The vagus supplies the iwrasympalhetic element to the entire 
length of the digestive tube as far as the descending colon. The latter is supplied 
from the sacral autonomic through the pelvic nerve. 

The vagus and pelvic nerve fillers form synapses with the ganglion cells, 
some ending in the first ganglion cntcrctl, while others pass to other ganglia of 
the myenteric plexus or to submucosal ganglia. The typical preganglionic and 
postganglionic fiber relationship appears to hold true in the digestive tube, as 
elsewhere, in the case of the vagus supply to the tube. The sympathetic fibers 
reaching the digestive tube arc all postganglionic fibers from the various ganglia 
named. They are unmyelinated, while the preganglionic vagus fibers arc myeli- 
nated. 

The nerve cells of the myenteric plexus arc chiefly multipolar and fall into two 
types, namely, type I of Dogtcl, cljaractcrized by short dendrites, and type II 
of Dogicl, with long dendrites. The axons of type 1 extend for long distances 
within the plexus to adjacent ganglia, but do not leave the plexus. Type II 
cells send their axons to the muscle fillers of the muscular layer. 

The ganglia of the submucous plexus are smaller and loss numerous than in 
the myentcnc plexus. Axons from their cells teach the tnusculans mucosae. 
Some end m relation to muscle fibers, while others continue into the mucosa 
to end in relation to glands, smooth muscle fibers in the villi of the intestines, 
or among the epithelial cells. The dendrites of the submucosal cells are elongated, 
frequently extending bejond the ganglion in which individual cells are located. 

In addition to the cells with direct vagus connections, in the enteric plexuses, 
there are other cells which are regarded by some authors as belonging to an 
intrinsic and primitive nerve net. Others consider them as neurons of local 
synaptic reflex arcs. Tlie entire question is much confused, but physiological 
evidence indicates the presence of a medianism for local reflexes without refer- 
ence to the central nervous system. 

Afferent fibers pass through both plexuses to reach the epithelium, where they 
end between the ceils. The advocates of a local reflex mechanism hold that 
processes of intrinsic nerve cells of the plexuses also reach the epithelium to 
receive stimuli. 

Both vagus and sympathetic fibers have a role in movements of the digestive 
tube Stimulation of the former excites peristalsis, while stimulation of the latter 
inhibits peristalsis. The secretory glands also have a double innervation. Stimu- 
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CHAPTER 11 

THE GUSTATORY APPARATUS 

The bcnse of taste belongs to the special visceral afTcrent system. It plays an 
iniiiortant part both in selection of food and in reflexes having to do with diges- 
tive processes While there are but four primary taste sensations, namely sweet, 
sour, bitter and salty, various combinations of these with olfactory stimuli of 
various kinds from foods give rise to recognition of flavors which are usually 
ascribed to taste. 

The special receptors for taste are the taste buds (Fig. 115). They are clusters 
of neuro-epithclial cells found on tlie tongue, the soft palate and epiglottis (in 
embr>os and in infants) and to some extent on the posterior wall of the oro- 
pharynx. Those on the tongue arc embedded in the stratified squamous epithelium 
of the foliate and circumvallate papillae, especially, and to some extent on fungi- 
form papillae. 

The taste buds are ovoid masses of elongated cells embedded in the stratified 
squamous epithelium of the mouth cavity. On the skIcs of the circumvallate and 
foliate papillae, especially, they occur in groups. Each bud opens by a pore to 
the surface The cells arc of two types, l>oth elongated, namely, ncuro-cpithcUal 
and SMStentacxilar. The neuro-epithelial cells arc slender curved elements, some- 
what rounded at the basal end and tapering toward the pore. The free end 
terminates in short processes which project into the deeper part of the pore but 
do not reach the surface. They are stimulated by substances in solution When 
the tongue is dry, as after atropin, iindissolved salt or sugar placed on the tongue 
docs not give rise to the usual sensations of salty, sweet, etc. 

Nerve terminals from the Vllth, IXth and Xth nerves end about the bases of 
the hair cells especially. Terminals have also been described about the so-called 
supporting cells. The Vllth nerve, through the chorda tympani (Fig. 116) 
supplies the taste buds on the anterior two-thirds of tlie tongue, the IXth nerve 
supplies those on the posterior third of the tongue, and the Xth nerve those on 
the epiglottis and pharyngeal wall. The last group of taste buds degenerate 
in late fetal life and early infancy, so that the gustatory nerves of the adult are 
the Vllth and the IXth. 

The taste fibers from the anterior two-thirds of the tongue are supplied by 
the chorda tympani. Their cells lie in the geniculate ganglion and are typical 
unipolar sensory cells The central processes enter the medulla oblongata through 
the intermediate ner%-e of Wrisberg and pass into the solitary tract, dividing 
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THE gustatory APPARATUS 

are the same as for the IXth nerve. Secondary fibers from ah these nerves arise 
from cells of the solitary nucleus, cross to the medial lemniscus of the opposite 
side and ascend to the higher centers of the brain, carrying stimuli which reach 
consciousness. These end in the hippocampal gyms, but the specific region for 
gustatory sense is not known. 
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there into ascenclinu anct ilcsccniliiiK rami, which send collalcrals and terminals 
into the inicleiis solitariiis. 

Reflex connections are niade from tlie solitary nucleus to tlie superior saliva- 
tory nucleus. Preganglionic fibers from the latter jkiss to the submaxillary 
ganglion, ^vherc they synapse with iwstgangHonic fibers to the submaxillary and 
sublingual glands. Rcflc.\ connections to oilier motor and secretory centers are 



Fig. IIS. — Taste Buds from Foliate PAniiA or Tongue. 

A, supporting cell; B, ncuro-cpithcKal cells; C, stratified squamous epitfieliiim; B, nen’c 
fibers between the taste buds; (7, nerve fiber endings within the taste buds; //, nerve bundles; 
/, pore; /, complete nerve fiber ending. After Retzius and Lenhossek. From Cajal, Histology, 
Wood & Co , Baltimore, 1933 

also made from the solitary nucleus, esiiecially to the motor nuclei of the \’agus 
for stimulation of gastric secretion. 

The taste buds of the posterior third of the tongue and neighboring regions 
of the palatine arch are supplied by the IXth nerve. The fibers arise from cells 
in the petrous ganglion. The central processes enter the solitary tract and 
terminate in the solitary nucleus, with reflex connections similar to the Vllth 
nerve. Fibers from the Xth nerve supply the taste buds on the palate and epi- 
rrlottis. These cells He in the nodose ganglion, and their central reflex connections 
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THE VESTIBULAR APPARATUS 

and the cochlea lias begun to coil. «y the 30 mni. stage the adult conditions 
(Fig. 120) have been reached, save tliat the utricle and saccule are not fully 
separated and growth is not completed. 



Fic. 117 — Dorsal View of Human Emrrvo of 8 Somitfs, Showing Otic Disc. 
Redrawn from Bartelmcr and Evans. Conlributions tu Embrynlo(?y Nn. 85, Carnegie 
Institution of Wasiiingfon, 1026, 


ACOUSTIC NERVE 

The nerves of the ear are derived from the Vllltli ganglion, which is formed 
from the neural crest. Nerve fibers from the ganglion cells, which retain the 
primitive bipolar condition, grow peripherally toward the labyrinth. Central 
processes in the meantime enter the medulla oblongata. The peripheral processes 
become arranged into two main bundles, a posterior cochlear division and an 
anterior vestibular division (Fig. 121). 

The ganglion cells likewise eventually become segregated into two groujis. 
One group liecomes located around the central axis of the coils of the cochlea 
and is known as the spiral ganglion of Corti. The other becomes the vestibular 
gnnghou of Scarpa. From the spiral ganglion peripheral fillers pass as a con- 



CHAPTER 12 

THE VESTIBULAR APPARATUS 

Tlic end organs of (lie vestibular apparatus consist of the ulriclc, the saccule 
and the scwicirculor canals. The vestibular division of the Vlllth nerve, with its 
vestibular gaurjlinn or (jangUon of Scarfa, connects (he end organs with the 
vestibular mtclci of the nicduHa oblongata. From these nuclei various central 
connections arc made which enable the apparatus to perform its function. It is 
the apparatus primarily concerned with equilibrium and with muscle tone. Many 
of its activities arc pure vestibular reflexes but others arc performed in con- 
junction with reflexes originating in other sense organs, especially the eye. The 
vcstiliular system is a highly specialized part of the proprioceptive apparatus 
of the body. 

DEVELOPMENT OF THE MEMBRANOUS LABYRINTH 

The aniage of the membranous labyrinth appears in the human embryo of 
about eight pairs of mcsodermic somites as a thickening of a portion of the 
ectoderm of the head (Fig. 117). A patch on each side at the level of the an- 
terior part of the medulla oblongata becomes the otic disc (Fig. 118). In embryos 
of thirteen to fourteen pairs of somites the placodes become depressed into 
shallow pits. Subsequently the pits deepen and by the stage of twenty-three 
pairs of somites they have become transformed into otic vesicles which are 
nearly pinched off from the outside ectoderm. 

The otic vesicle at first is nearly spherical. Very early a narrow prolongation 
from the upper part of the vesicle is recognizable (Fig. 119). This is the laby- 
riiithiue recess, which becomes the eudolyinphatic duct and roe. The dorsal part 
of the vesicle broadens while the ventral part narrows to a tapering structure. 
This becomes the cochlea, while the broad dorsal portion begins to show pouches 
which differentiate into the semicircular canals. These processes begin in an 
embryo of about four weeks {69 mm.). The anterior and posterior canals first 
appear from a pouch in the dorsal part of the vesicle. Somewhat later a laterally 
directed pouch appears from which the lateral canal is differentiated. As the 
pouches expand the thin plate of ectoderm, which results in the central region 
of each, presently degenerates and is replaced by mesoderm. The result is a 
semicircular ectodermal tube connected at each end with the main part of the 
vesicle (Fig. 119). This is well shown in an embryo of 20 mm. In the meantime 
the saccule and utricle have begun to differentiate from the common vesicle 
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Fig 119 — Lateral Views of a Series of Models Showing Developmental Stages 
OF THE Inner Ear. 


The age of the embryo is indicated below each figure. The colors blue and red are used 
to indicate respectively the cochlear and vestibular divisions of the acoustic ganglion. Nerve 
fibers can be distinguished from ganglionic masses by their lighter shade. X 25. absorpt. focus, 
area of wall where absorption is complete; a, ampulla; criu, crus commune; c.r., canalis 
reuniens, c sclal , ductus semicirculans lateralis; e sc post , ductus semicircularis posterior; 
CSC sup ductus semicircularis superior; each., or cochlea, ductus cochlearis; sacc., saccule; 
sac cudol , saccus endolymphatius ; sinus utr lal., sinus utriculi lateralis; trifi'h /> , vestibular 
pouch (From G L Streeter, /4m. / -diintoiiiy, 1907, Vol 0) 
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tiluious spiral series into tlic organ of Corti of tile cochlea. The vestibular 
ganglion gives off large hnmllcs of fillers to the nciiro-epithclial p.itchcs of the 
utricle anil the saccule, anil smaller branches to the cristae of the ampullae of 
each canal. 

The vrsTinuLAR Nnnvn consists of two tiarls, namely, the roimts anterior 
and the rnnmj f'osicrhr. The ramus anterior has its origin from the upper part 
of the vcstihiilar fiangHon. It is distrilnttcd peripherally lo the macula of the 
xtlridc and the atnpullae nf the anterior and lateral semicircular cauals. with a 
small twig to the macuhi of the saccule. The ramus posterior arises from the 
inferior |)art of Scarpa’s ganglion. Its pcripftcral filxtrs pass to the macula of 
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Fie ij8 — Eably Develofment of Otic Vesiccf- 
Fedrawn from Bartelfncz and Evans. 


the saccule, to the ampulla of the posterior canal, and a small bundle of fibers 
joins the cochlear nerve. The connections of this bundle are obscure. The fibers 
to saccule, posterior ampulla and cochlea sometimes form a distinct division of 
the VUIth nerve known as the medial dfvwioii. 

The COCHLEAR nerve comprises the major portion of the posterior division 
of the Vlllth nerve. Its ganglion is located in the modiolus of the cochlea. Its 
peripheral fibers pass as a continuous spiral mass radiating from the ganglion 
into the organ of Corti. Here they end in relation to the sensory hair cells, form- 
ing calyx-like endings about the bases of these cells. 

Experimental studies of pouch young of the opossum, in which the mem- 
branous labyrinth shows relatively early stages of difTerentiation at birth, have 
been of interest in interpreting the ration between development of the end 
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bone, passing through a cartilage stage. This becomes the bony hbyrinlh witliin 
winch the membranous labyrinth is protected. Within the cartilage-boiy part 
there is formed three layers, a penchondrial, an intermediate and a membranous 
layer. The perichondria! layer becomes the internal periosteum, the intermedi.ate 
layer is loose and disappears by transformation into perilymph, while the mem- 
branous layer forms the submucosa and supporting membrane of the epithelium. 

The above is true of utricle, saccule and semicircular canals. In the cochlea 
there is the modification in that the central core or modiolus, and the bony shelf 
or lainiim are formed directly as bone from fibrous connective tissue. The basilar 
membrane, e.vtending from the spiral lamina to the opposite wall of the cochlea. 



FlC I2I — NeHVE SvFTLY of the lUTFRSAL EaI? 

A, diagram of distribution of nerves to ll>e membranous labyrinth After de Burlet. D, the 
cochlear nerve After Arnold. Jacksoii-Morns, Iluinait Amtotiiv, 9th cd , 1933 ’ 

divides it into two spiral spaces. The upper one is further divided into a tri- 
angular ductus cochlcaris and the scala veslibuH by the thin Rcissncr's incm- 
brauc The space below the bssiiar menifiranc is the sca/a tympani, which is 
continuous at the apex of the cochlea with the scala vcsfibttli. 


BONY LABYRINTH 

The end organs of the vcstjbular apparatus, together with (he cochlea, arc 
enclosed uithin the petrous bone. This bone is excavated into a scries of cavities 
and canals known as the bony labyrinth. The largest and centrally placed cavitv 
IS the vesubuk. the lateral wall of which is directed toward the tympanic cavity 
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organs and ihc beginning of fiincijon. Tlic oixjssuiii ihjucIi young begins to show 
vcsliliular rcficxcs at nbom 43 days after Wrtb. These reflexes are pronounced 
at 50 days. Histological study of the maculae and crisiae indicate lliat beginning 
of functional activity in the vestibular a]^mUts is related to the proper stage of 
development of the hair cells and the otoHihic membranes and cupnlac. In stages 
which show hair cells surrounded by calyx-likc nerve endings, but with short 
hairs and with little or no otolithic membrane, no functional response could be 
elicited. In later stages, beginning at ^3‘<Ia)-s. the degree of response appears in' 
proportion to the development of the hairs and otolithic membrane, and to the 
number of hair cells apparently receiving sitmuli. 

Acoustic reflexes apjxjarcd at 50 days after birth, first in response to high. 



F/c im — Dmcram of Parts of the Human Ear. 

From CunniHgham, Textbook of Anatomy, Oxfortl University Press, Ixmdon 

shrill notes and on subsequent days, to lower notes. Correlated histological study 
of the developing cochlea indicates that as the different levels of the organ of 
Corti reach approximately the adult degree of differentiation, function begins. 
Differentiation of the organ of Conti is from the basal coil toward the apex. 
The sequence of response to notes of various pitch is in genera! agreement with 
other evidence on localization of tone reception in the organ of Corti. The 
central pathways of botlr vestibular and cochlear apparatus are well established 
before functional response can be elicited. 

Soon after the otic vesicle is formed it is surrounded by mesoderm. The 
mesenchyme in proximity to the membranous labyrinth eventually develops into 
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bone, passing through a cartilage stage. This becomes the bony labyrinth within 
which the membranous labyrinth is protected. Within the canilage-btmy part 
there is formed three layers, a perichondrial, an intermediate and a membranous 
layer. The perichondrial layer becomes the internal periosteum, the intermediate 
layer is loose and disappears by transformation into perilymph, while the mem- 
branous layer forms the stihmucosa and supporting membrane of the epithelium 
The above is true of utricle, saccole and semicircular canals. In the cochlea 
there is the modification in that the central core or modiotus, and the bony shelf 
or lamma are formed directly as hone from fibrous connective tissue. The basilar 
membrane, e.vtending from the spiral lamina to the opposite wall of the cochlc.a. 



Fic, :2J — Nerve SuPPtv of the Internal Ear 
A. diagram of distribution of nenes to the membranous labyrinth After de Burlet. B, the 
LOchlear ne^^e After Arnold Jackson-Morris. Human WiMtouiv. 9th ed., 1933. 

duules it into two spiral spaces. The upper one js further divided into a tri- 
angular cochlcaris and ilie scola zrsttbNh hr the thm RcissKcr's mem- 

brane. The space below the basifar membmne is the scala tym[>ani, which is 
continuous at the apex of the cochlea with the scala vcslibtih. 


BONY LABYRINTH 

The end organs of the vestibular apparatus, together with the cochlea are 
enclosed \%ithin the petrous bone. TWs hone is excavated into a series of cavities 
and canals known as the bony labyrinth. The largest and centrally placed cavity 
IS the vestibule, the lateral wall of whicli is directed toward the tympanic cavity. 
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organs and ihc Ijcginning of fiiiiclion. The oiwsMini iwuch young Ijcgins to show 
vestibular reOexes at about 43 ‘lays after birlh. These reflexes arc pronounced 
at 50 days. Histological study of the niacnlac and cristae indicate tint beginning 
of functional activity in the vestibular apparatus is related to the proper stage of 
development of the hair cells and the otolithic mcmlirancs and cupulae. In stages 
which show hair cells surroutidcd !>y calyx-like nerve endings, but with short 
hairs and with little or no otolithic membrane, no functional response could be 
elicited. In later stages, beginning at 43\(Liys. the degree of response appears in 
proportion to the development of the Iiairs and otolithic membrane, and to the 
number of h.alr cells a))ixircnily receiving stimuli. 

Acoustic reflexes ai>j)carcd at 50 days after birth, first in response to high. 



Fjc. ISO-— Diagram of Parts of the Human Ear. 


From Cwnntngham, Textbook of Anatomy, Oxford UnlversiO’ Press, I^jndon 

shrill notes and on subsequent daj'S, to lower notes. Correlated histological study 
of the developing cochlea indicates that as the different levels of the organ of 
Corti reach approximately tlie adult degree of differentiation, function begins. 
Differentiation of the organ of Cbiti is from the basal coil toward the apex. 
The sequence of response to notes of ^a1^ons pitch is in general agreement witli 
other evidence on localization of tone reception in the organ of Corti. Tlie 
central pathways of botli vestibular and cochlear apparatus are well established 
before functional response can be eliated. 

Soon after the otic vesicle is formed it is surrounded by mesoderm. The 
mesenchyme in proximity to the membranous labyrinth eventually develops into 
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THE VESTIBULAR APPARATUS 

bone, pas&ing through a cartilage stage. This becomes the bony labyrinth within 
which the membranous labyrinth is protected. Within the cartilage-bony part 
there is formed three layers, a perichondnal, an intermediate and a membranous 
la>er. The penchondrial layer becomes the internal periosteum, the intermediate 
layer is loose and disappears by transformation into perilymph, while the mem- 
branous ]a)-er forms the submucosa and supporting membrane of the epithelium. 

The above is true of utricle, saccule and semicircular canals. In the cochlea 
there is the modification in that the central core or modiohis, and the bony shelf 
or lamina are formed directly as bone from fibrous connective tissue. The basilar 
membrane, extending from the spiral lamina to the opposite wall of the cochlea, 



divides It into two spiral spaces. The upper one is further divided into a tri- 
angular ductus cochlcans and the scala vcstibiih by the thm Reissner’s mem- 
brane The space below the basilar membrane is the scala tympani, which is 
continuous at the apex of the cochlea with the scala vestibnll 


BONY LABYRINTH 

Tlic end organs of the vestibular apparatus, together with the cochlea are 
enc osed ythm the petrous hone. This bone is excavated into a series of cavities 
and canals known as the bo„y labyrinih. The largest and centrally placed cavity 
IS the rest, bale, the lateral wall of which is directed toward the tympanic cavit 
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orgatis n(i(l tlic beginning of fiinction, Tlie oiwistmi iwiich noting begins to show 
vestibular rcncxcs at alwjm 43 clays after birth. These rcflc.Kcs arc pronounced 
at 50 (lays. Histological study of the maculae and cristae indicate tliat beginning 
of ftinctional activity in the vestibular apparatus is related to the proj)cr stage of 
dcvclopjucnt of the hair cells anti ibc otolithic membranes and cupulae. In stages 
which show hair cells surrounded by caly.x-}ikc nerve endings, but with short 
hairs and with little or no otolithic membrane, no fvmctiona! response could be 
elicited. In later stages, beginning at ^3' flays, the degree of response appears in 
proportion to the dcvclopnicnt of the hairs and oiolilbic membrane, and to the 
number of hair cells apparently receiving stimuli. 

Acoustic rcflc.'tcs appeared at 50 days after birth, first in response to high. 



Ffc, ISO— Diacram of Parts or Tire Homaw Eas. 

From Cunninpbam, Terthofik 0} Anatomy, Oxtoril University Press, London, 

shrill irotes and on subsequent clays, to lower notes. Correlated histological study 
of the developing cochlea indicates that as the different levels of the organ of 
Corti reach approximately the adult degree of differentiation, function begins. 
Differentiation of the organ of Corti is from the basal coil toward the apex, 
The sequence of response to notes of various pitch is in general agreement ^v’ith 
other evidence on localization of tone reception in the organ of Corti. The 
central pathways of both vestibular and cochlear apparatus are well established 
before functional response can be elicited. 

Soon after the otic vesicle is formed it is surrounded by mesoderm. The 
mesenchyme in proximity to the memhranons labyrinth eventually develops into 
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the vestibular apparatus 

through the connections of these parts with the vestibule. The cavities and 
ducts of the membranous labyrinth contain etidolymph. 

The UTRICLE occupies the upper and posterior portion of the vestibule. The 
ampullae of the superior and lateral semicircular canals open into its upper por- 
tion, known as the recess of the utricle. The ampulhv of the posterior canal opens 
into the inferior sinus, which is the lower and medial part of the utricle. The 
nonampullated end of the lateral canal opens into the central part of the utricle. 
The crus commune of the superior and posterior canals opens into the superior 
sinus which is an upward and posterior continuation of the utricle. In the floor 
and anterior wall of the utricular recess is found a patch of thickened epithelium 
and sensory cells, the macula of the utricle. 





Pig 123 — ^Transection of the Margin of tue Macula Acustica S.\cculi 
OF A Guinea-Pig. 

a, otolithic membrane: b. hairs; c, cuticular membrane; rf, hair cells; e, sustentacular 
cells. /, epithelium o{ the saccule; g, tunica propria, h, nerve fibers, i, bone X325. (After 
Koclliker ) ' • 

The SACCULE occupies the low’er and anterior part of flie vestibule. It is con- 
nected with the utricle by a small utriculosaccular duct, which arises from the 
medial side of the utricle. The utriculosaccular duct is joined by the cndolynx' 
photic duct, the two together joining the saccule. A short canal, the ductus 
rcuincits. connects the anterior and lower part of the saccule with the cochlear 
duct. The encloljmphatic duct enters the cranial cavity and expands into the 
emlolymphatic sac which lies between the two layers of the dura. Endolymph 
is drained from the membranous labyrinth through the endolymphatic duct and 
sac. escaping into the subdural space. In the anterior part of the saccule lies the 
manih acushca of the saccule (Fig. 122), consisting of a thickened patch of 
epithelium and hair cells (Fig. 123). 
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It is ovoid in shape, measuring 6 mm. anlcroposlcriorly, 4 to 5 mni. vertically 
and 3 mtn. transversely. Its long axis is directed forwards and laterally. The 
lateral wall of the vestibule is pcrforatal by the atvl zaitdcKc (fcucslra vesli- 
bull), which is covered by a membrane to which is attached the base of the 
slopes. 

ScMiciRCULAR CANALS.^In front of ibc vestibule Hes the cochlea, the base 
of which opens into the vestibule. TIic semicircular canals lie behind and alwve 
the vcstibttlc. These arc three in miml>cr, including a superior, a lateral and a 
posterior canal. Each canal forms two-tbirds of a circle. They are somewhat 
compressed from side to side, and at one end of each canal tliere is a dilated 
portion known as the ampulla. Tlie diameter of the bony canal is from i to 1.5 
mm., and that of the ampullae is about 2 mm. Tlie ampulla of each canal opens 
separately into the vestibule, that of tbc sui>crior canal being the most an- 
terior and lateral in position. The ampulla of the lateral canal lies just below 
that of the superior canal, while the ampulla of the posterior canal opens into 
the posterior and lower part of tbc vestibule. The nonampullated ends of the 
superior and posterior canals join to fonn a common canal (crus commune), 
which opens into the upper medial part of llic vestibule. The nonampullated or 
medial end of the lateral cattal opens into tbc vestibule between the crus com- 
mune and the ampulla of the posterior canal. The superior canal is placed in 
the vertical plane, transversely to the long axis of the petrous bone, \vith its 
convexity upward. It is 15 to 20 mm. long. TIic lateral canal is placed nearly 
in the horizontal plane, arching outward, and is J2 to 15 mm, long. The posterior 
canal, which is 18 to 22 mm. long, is vertical, arching laterally and posteriorly 
nearly at right angles with the superior canal. It makes an angle of nearly 45 
degrees with the sagittal plane, as does the superior canal. The lateral canals of 
the two sides are found in nearly the same plane, and the superior canal of one 
side is nearly parallel to the posterior canal of the other side. 

From the lower part of the vestibule, in front of the opening of the crus com- 
mune, there is the opening of the vestibular aqueduct. This is a small canal 
through the petrous bone, 8 to lO mm. long, which is occupied by the endo- 
lymphatic duct and a small vein. 

The bony labyrinth is lined with a thin membrane, the internal pcriostcuvi, 
which IS also the immediate boundary' of the cavities of the vestibule and the 
semicircular canals. 

MEMBRANOUS LABYRINTH 

The membranous labyrinth is enclosed by the bony labyrinth but does not 
fill the bony cavities. It is divided into utnclc, saccule, semicircular canals, with 
their ampullae, and the membranous portion of the cochlea. The latter will be 
further considered in connection with the organ of hearing. The space between 
the periosteum of the bone and the membranous labyrinth proper is filled with a 
fluid, the perilymph. This extends into the semicircular canals and cochlea 
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epithelium and hair cells. The latter have cilia 30 microns in length. Above the 
cluster of hair cells in each crista is found, in fixed material, a cone-like cupula 
tcrminalis, into which the cilia extend. Many histologists consider the cupulae 
to be fixation artefacts, since they are not apparent in fresh material. Nerve fibers 
from the vestibular nerve end as calyx-like terminations about the bases of the 
hair cells. Mechanical stimulation of the hairs of these cells, either directly by 
currents of endolymph or by the cupulae, after the latter have been set in motion 
by endol}mph currents, give rise to ner\'ous impulses in the hair cells. These are 
transmitted to the nerve fibers and through the vestibular nerve to the vestibular 
nuclei. 

The MACULA ACUSTICA of the utricle and of the saccule are larger patches 
of sensory cells and epithelium. In both, as in the cristae of the ampullae, two 
kinds of cells are present, namely, hair cells and supporting cells. The latter 
branch at the deep ends and rest on the basement membrane. The hair cells arc 
pear-shaped, the free end being truncated and ciliated, while the rounded basal 
ends he between the supporting cells. Each is enclosed by a calyx of nerve fibers 
The surface of the macula is covered by a plate of gelatinous substance in -which 
are found small concretions of hme salts, known as otoconia, which, acted upon 
by vibrations and currents in the endol^anph, stimulate the hair cells. 

VESTIBULAR NUCLEI AND CONNECTIONS 

The vestibular fibers divide into ascending and descending rami on entering 
the medulla oblongata. The ascending roots terminate in the superior vestibular 
nucleus (of Bechterew), in the homolateral fastigml nucleus of the cerebellum, 
in the cortex of the fiocculonodiilar lobe of the cerebellum and in the uvula 
These fibers constitute the direct vestibular tract to the cerebellum Some of them 
take part in forming the lateral commissure of the cerebellum in lower verte- 
brates and mammals. This is probably true in higher mammals also. 

The fastigial nucleus of the cerebellum is closely related to the vestibular 
nuclei both developmentally and functionally It occupies a functional position 
intermediate between the vestibular nuclei and the other cerebellar nuclei. 

The descending vestibular roots terminate in the lateral vestibular nucleus of 
Deiters, the medial vestibular nucleus of Schwalbe, and the inferior or spinal 
vestibular nucleus. 

The four vestibular nuoj:! (Fig &,) lie in the somatic afferent column 
and extend from the level of the Vlth nucleus to near the rostral end of the 
nucleus fasciculus gracilis. They are not sharply bounded from one another 
but show differences m size and other characteristics of their respective neurons! 
and in their connections. 

The surcRiOR nucleus of Bechterew is located in the floor and lateral wall 
of the rhomboid fossa and continues rostrally to the chief sensory Vth nucleus. \t 
has multipolar neurons of medium $ize. The lateral undent of Deiters lies to 
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The MHMIIKANOUS sl;^tIClRCUMR DUCTS (TiV. 124) arc oiic-third to one-fifth 
the diatneier of llie l>oDy camls. They arc elliptical in cross section and are 
attaciied to the iK;riostctiin at one side of the 
l)ony canal. Their walls consist of a layer of 
connective tissue and a tunica propria lined 
withiii hy a layer of flattened cpithcliuin. The 
])orti(>n t>{ the cavity of the lK)ny canal not 
occupied by the tnetnhranous duct is filled 
with the jjcrilyinpli. Frequently trahcailae of 
connective tissue from tlic wall of the inem- 
Fir. 123 — Nfjivf. h-stnsRs in the t>ranous duct cross the pcrilvmphatic space 
Macula Acusuca of a Guinfa-Pic. . • , , •. -.i .1 • . 

at vartous angles to utnte with the periosteum 

a, <i.i.liclii.ni; t, li.ima fropria; t. „( opposile side. The Iwny canal is lined 
three tcrnimal nerve filK.T< Golgi 
slain. X about 200. (After Itetzius.) 'vjtli incsothehum. 

In the A-stfULLAC of tlic bony canals are 
found the ampullae of the membranous duels. In each amjuilla there is a thicken- 
ing of the tunica propria tiuo a raisctl structure, tlie fransz'crse scf'(uiiK Upon 
this is found a en's/a aiii^iilhns consisting of a p.ntch of cubical and columnar 




Fig 124 — TsANSEcnoN of a Human Semicircular Canal. 

/, bone; 2, retiform connective tissue membranes; 3, at this point a band of connective 
tissue joins the periosteum; 4, membranous semicircular canal; 3, ligamentous attachment 01 
the canal ; 6. at this point the membranous anti osseous canals are in contact. Moderately 
magnified. (After Rudmger.) 
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impulses from higher centers. It has been shown that the vestibular nuclei must 
be intact for the rigidity to continue and Fulton suggests that these nuclei are 
released from control from higher cerebral centers by cutting of the extra pyram- 
idal fibers in the operations which may cause it. 

It has been shown that extensor tonus of muscles and positional reflexes are 
due to stimulation of the maculae acusticae of the membranous labyrinth by the 
otolithic membranes. The semicircular canals arc not involved. Acceleratory 
reflexes, involving the eye (vestibular nystagmus) and skeletal muscles, arise 
in the semicircular canals. Righting reactions are complex phenomena involving 
labyrinthine reflexes in conjunction with proprioceptive impulses from neck and 
body muscles, the effects of body movements on the position of the head, and 
optical reflexes. 
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the medial side of the restifonn Wy at the level of entrance of the vestibular 
roots, and extends onto the lateral wall of the fossa. Its neurons are the largest 
found in tlic vestibular nuclei. The cell bodies are stellate in form and have 
long dendritic processes. The mcdtal nucleus of Schwallxj, the principal vestib- 
ular nucleus, is larger than the others and lies below the principal part of the 
acoustic area, partly in the medulla oblongata and partly in the tegmental 
region of the pons, It consists of small stellate, triangular and spindle shaped 
cells scattered among the numerous veslibular fibers which enter the nucleus. 

In addition to the direct vestihuloccrcbeJlar fdjcrs already named, a tutckoeerc- 
bcUar trad i)asscs to the fasllgial nucleus, the cortc.x of flocculus, nodulus, uvula, 
and the anterior lobe, e.six’cially the Hiigiib. of the cerclicllum. These fibers arise 
princijially in the siijierior vestibular nucleus. This nucleus also gives rise to 
fibers which enter the median longitudinal bundle of the same side to reach the 
eye muscle nuclei (Tigs. 133 and 134). 

The median nucleus gives rise to fibers which enter the opposite median longi- 
tudinal bundle to reach the eye muscle nuclei. It also gives origin to fibers which 
end in relation to cells of the reticular formation of the medulla oblongata. Im- 
pulses may be rclajcd lienee to rdiculosfiiial and other fibers. The lateral miclcus 
gives rise to the lateral vcstihulosphtal tract which descends into the same side 
of the cord. The spinal vestibular nuelctts is described as giving rise to a crossed 
ventral vcslibulosf>iiial trad Gray describes it as giving rise to fibers which 
descend into the cord in the median longitudinal bundle, some fibers extending 
the entire length of the cord. Fillers from the median nucleus appear to be 
included in the descending part of the median longitudinal bundles to the cord. 

There is evidence of vestibular impulses to rostral jKirts of the brain stem, 
with relays to the cortex of the tcmiioral lobe. Fibers to the tlialamus and 
hypothalamus have been described, but there is little agreement as to their course. 
Experimental evidence indicates vc.slihular efTccls in the cortex of the temporal 
lobe. Stimulation of the vestibular labyrinlh after increasing the responsiveness 
of the temjioral gyri with stiychninc produced convulsive movements. These no 
longer resulted when the veslibular nerve U'as cut. 

The median longitudinal bundle is concerned w'ith coordination of movemciils 
of the eyes and head in relation to maintenance of equilibrium It contains, in 
addition to other fibers, descending vestibular fibers as follows: honiolateral 
vcstibulouiescnccphaUc fibers, having their origin in the superior nucleus, crossed 
vcstibulomcseucephahc fibers from the lateral nucleus, and lateral vestibuhfeg- 
mental fibers from the lateral nucleus to the reticuhr formation of the midbrain. 
Experimental studies have indicated that injury to the vestibulomcsencephalic 
fibers results in circus movements of the animal. Injury to the lateral vesti- 
bulotegmental fibers produces rolling movements toward the injured side. 

“Decerebrate rigidity” is a condition characterized by continuous spasm of 
the skeletal muscles, especially the extensors. U was interpreted by Sherrington 
who first described it in 1898, as a "release phenomenon” due to interruption of 
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CHAPTER 13 


AUDITORY APPARATUS 

The auditory apparatus consists of external, middle and inner car. the cochlear 
jicrvc, nuclei of the medulla ohiongala in which this nerve ends, and the second- 
ary tracts and nuclei for reflex connections and for transmission of auditory 
impulses to Heschl’s gyrus of the temporal lobe of tlic cerebral cortex, the 
center of conscious hearing. 

The nxTP.RNAL EAR (Fig. 120) or auricle is formed of a plate of elastic 
cartilage covered with skin and so sliaped as to favor the direction of sound 
waves toward the external auditory meatus. The latter is protected by a waxy 
secretion, the cerumen, against iinasion by insects, etc., into the canal. At the 
inner end of the auditory canal the lyiuf-auHm is stretched across in such a 
manner as to receive those vibrations of the air which give rise to auditory 
stimuli. The tympanum is a thin, oval membrane with a thickened outer edge 
attached everywhere in a furrow in the bony wall of the meatus save at the 
anterior upper part. It is placed at an angle of 55 degrees with the floor of the 
canal. The outer surface of the tympanic membrane shows a marked concavity, 
the umbo, due to stretching by the manubrium of the malleus, which is attached 
to the inner surface of the membrane. The anterior, upper segment of the 
tympanum is thin and not strctche<l. This is called the JIaeeid part. 

The outer surface of the tympanum is covered with thin, stratified, squamous 
epithelium. The inner surface is covered with flattened epithelium continuous 
with the mucosa of the tympanic cavity. Detween these two epithelial layers the 
substantia propria of the tympanic membrane consists of two layers of col- 
lagenous fibers. The outer layer has a radial arrangement of its fibers. The inner 
layer has circularly arranged fibers In the flaccid part there is only a very thm 
layer of loose connective tissue between skin and mucous membrane. 

The MIDDLE EAR incliides the tjmpanic cavity and Eustachian tube. The latter 
opens into the pharynx. The tympanic cavity is a space in the temporal bone 
whose lateral wall is formed by the tympanic membrane and the medial wall 
b}’ the lateral surface to the bony labyrinth. It contains the three ear bones, 
namely malleus, incus and stapes, and two small muscles, the tensor tympani 
and stapedius, which are partly enclosed in bony tubes and attached to the 
ossicles. The chorda tympani, a division of the Vllth nerve, also passes through 
the cavity. The cavity is lined with squamous epithelium save at the opening 
of the Eustachian tube, where it is low columnar and ciliated, and at the border 
of the tympanic membrane, where the epithelium is cuboidal. 
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llie modiolus, from whicli a bony sliclf projects iiUo llic lumen. Tliis is called the 
Iwuy spiral laviim. At the apex of the cochlea, where the modiolus disappears, 
the liony lamina ends as a hook-Hke projection, the hamulus. The jKirtition is 
extended from the margin of the bony spiral lamina to the opposite wall of the 
lumen by the basilar membratte (Figs. 127 and 128) whicli attaches to the 
periosteum of the outer wall of the cochlea along a thickened mass of connective 


Fig 127 — Axial Sectiow Tiiroucii a Turk or the Cochlea of a Goinea-Pig. 
a, bone of the outer wall of the cochlea; b, membrane of Reissnef; d, membrana tectoria; 
Dc, cochlear duct or scala media; /, stria vascularis; g, organ of Corti; h, spiral ligament 1 
I, cells of Claudius ; k, scala tympani ; I. scala vestibuli ; m, vestibular lip of the_ limbus spiralis ; 
ji, internal spiral sulcus; o, nerve fibers of the cochlear nerve, contained within one of the 
radiating canals within tlie osseous spimt lamina; p, nerve cells of the spiral ganglion; 
q, blood vessel ; r, external spiral sulcus, upon which open Shambaugh’s glands ; s, promi- 
nentia spiralis, containing the vas prommens (After Bohm and von Davidoff.) 

tissue, known as the spiral ligament. The combined bony shelf and basilar mem- 
brane becomes gradually wider toward the apex of the cochlea. 

The thin membrane of Reissner (Fig. 129) extends from the outer wall of the 
bony canal to pass obliquely downtvard medially and become attached to the spiral 
lamina. There are thus formed three spirally arranged cavities, best seen in cross 
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The ORGAN OF CoKTi (Figs. 128, 129 and 130) consists o£ supporting cells 
and neuro-epithehal hah calls. Terminal fibers froni the cochkar ncr\-e. whose 
bipolar celh he in cavities of the bony modiolus, radiate outward in a continuous 
sheet to terminate about the bases ot the liair cells. The supporting cells are tall, 
slender elements which extend from their anchorage on the basilar membrane 
to the free suriace oi the organ of Corti, where the)* expand to form a cutievdar 
plate, the rcUcttlar iiicinbronc, containing numerous openings m regular alternat- 
ing rows The hair cells rest in these openings. There are four types of supporting 
ceils, namely, inner and outer phalangeal cells, which suspend the inner and outer 



Fig. 130— SfaioN or tas Spjrac Gaxcuox ano of the Orgax of Corti of Mouse. 

Gotoi Mftuoo (From Cajal ) 

A. bipolar cells ai spiral ganglion, B, inner hair cells; C, supporting celh; D. terminal end* 
ing of an acoustic fiber, E. spiral nerve bundle, F, blood vessel; (7. nerve fibers; //, Reiss- 
ner's membrane, /.tectorial membrane, 

hair cells respectively; the cells of Heusen. the cells of Claudius and the border 
cells 

The hair cells are pear-shaped neuro-epiihelial elements with cilia on their 
free ends They occur as timer hair cells, on tlie axial side of the tunnel of Corti, 
in a single spiral row. The inner cells number about 3000. The ojtfer hair cells 
occur in three rows in the basal coil, four m the middle and five in the apical 
cod, and number about 12,000. Attached to the vestibular hp of the spiral margin 
and extending over the hair cells of the organ of Corti is the ieclorial vicmbraw. 
It is made of delicate striated fibrils. Due to its susceptibility to distortion by 
fixing reagents the position of the tectorial mentbrane in the living cochlea is not 
clear it is beheved by many students of the ear that its louver surface is in 
contact with the hairs of the hair cells so that these are stimulated by move- 
ments of the membrane. 
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section of the Imny catral. The upper cavity in socii a section is llie scah wslihiH, 
closcti at its lower end liy the iiasc of the slaiics. The lower sjace is the snlit 
lyKf’dni, contimious with the scala vcstilnili at the apex of the cochlea hy an 
opening, the hclitalrcma, and closed at its fasc hy the nremhranc of the roiinil 
wintlow. The third smallest ranal is lire iliichii cochkaris, Imundcd ahovc and 
medially hy Keissner’s niemhrane and rcstinE on the hasilar nicmhranc and part 
of the hoiiy sjiiral. The scala veslibuli and scala lymitani contain i)erilym|ih, while 



Fjc. jsq. — Diactam or tof. Ofcan of CoBTt. 

A. suriace v5tw, (tom Ut« ilvrcrtioti q{ Uw scala mctlia; D, as seen tn section, profile view, 
0, vestibular lip of tlic lamina spiralis ; b, maTBin of same ; c, sulcus spiralis internus ; d. inner 
sustentacular cells, e, inner hair cells; /, pillar cells; g. outer hair cells and phalanges of 
Deiters’ cells; h, cells of flenseo; i, celU of QatKliui. Very highly magnified. 

the cochlear duct, lined with ectodermal epithelium and containing the organ 
oi Cord, contains endolymph. 

Tiie basilar membrane widens from base to apex of the cochlea. It is stretched 
between the tympanic lip of the periosteal border of the bony spiral lamina, 
internally, and the crest of tfie spiral ligament in the external wall of the bony 
canal. Upon it rests the organ of Corti. It is made up of three laj'ers, tiie middle 
one constituting the harifar fibers or ottdifOT^ sfriirriy. These are flexible when 
fresh and can be isolated. They increase in length with increased breadth of 
the basilar membrane from 64 to 128 microns in the first coil of the cochlea to 
352 to 480 microns at the apex. Tliey number about 24,000 in man. 
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CENTRAL CONNECTIONS 


From the dorsal cochlear nucleus secondary fibers pass (i) to the superior 
olive (Fig. 132), (2) to the accessory sttpenor olive and (3) to the nucleus of 


the trapezoid body. Other fibers 
pass with the lateral lemmscus 
both directly and crossed to the 
nucleus of the inferior colhcnlus 
m the midbrain. Many o! the 
fibers from the dorsal cochlear 
nucleus cross just beneath the 
fenor colhcnlus and the medial 
the striae meduHans acusticae, 
continuing into the lateral lem- 
niscus, which IS the secondary 
auditory tract, reaching the in- 
ferior colliculus and the medial 
geniculate body 

The ventral cochlear nucleus 
(Fig. 133) send fibers to the oh- 
var}' complex of the same and the 
opposite side, also to tiie nucleus 
of the lateral lemniscus and to 
the in/<?Wor colliculus and tncdcat 
gcmculate body of the thalamus. 



Fig 132 — Cei. 1,5 op SurauoR Olivary Nucleus 
OF Cat Golgi JftTiioD (From Cajal > 

/i, fusiform; B, marginal of anterior border; 
C. marginal of Inlum. 
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According to one theory of hearing, stimulation is hy impact of the tectorial 
membrane on the hair cells, the membrane itself being set into vibration by 
waves in the endolymph of the cochlear duct. These in turn have been produced 
by vibration waves in the perilymph of the scila vestibtdi through the action of 
the base of the stapes at the oval window. The waves of vibration are regarded 
as passing the length of the scab vestibtdi, reaching the scab tynijani through 



the helicotrcjiia, and being finally dissipated in 
contact witli llie membrane over the round 
window. 

Another view holds that the basilar mem- 
brane is m.idc to vibrate by the waves in the 


]>cril)'mpli. The rate of vil)ration. whether of 


tectorial or of basilar membrane, depends on 


llic wi'dlli of the membranes. Both become 



gradually wider from base to apex of the 
cochlea. Tlic evidence indicates that notes of 
low pilch arc received at the apex of the organ 
of Corti where tlicsc membranes arc broadest, 



Fig. 131 — C^LLS or Dorsal and 
Ventral Cocjjlear Nuclei of 
Rabbit Golgi Method (Cajal.) 

A, ventral cochlear nucleus ; B, 
tail of nucleus ; C, acoustic tu- 
bercle ; E, restiform body ; F, 
trigemin-il nerve 


and tlwt notes of increasingly higher pitch are 
received in successively lower sections of the 
cochlear coils. In the opossum pouch young 
the first note resulting in any reflex response 
was a high note (E", 1305 vibration cycles per 
second) at a developmental stage (50 days) 
where only the lower coll of the cochlea 
showctl a histologically fully developed organ 
of Corti. During tlie succeeding seven days, 
concomitant witli rapid differentiation of the 
remainder of the organ of Corti, the range of 
hearing, as determined by reflex responses, ex- 
tended down\vard through three octaves to 
middle C (256 vibration cycles per second). 
Qinical observations on human patients indi- 
cate the same general arrangement. 

The COCHLEAR NERVE fibers arise from 


cells in the spiral ganglion of Corti. This lies in the modiolus and winds about 
with the coils of the cochlea. The cells are bipolar and are about 30,000 in 
number in man. The peripheral processes, after losing their myelin sheaths, end 
about the bases of the hair cells as stated. The myelinated central processes 
enter the cochlear nuclei which lie lateral to the restiform body just as it turns 
upward toward the cerebellum. These midci (Fig. 131) are two in number, 
namely, a dorsal cochlear nucleus and a vaitral cochlear nucleus. Some fibers 
appear to pass directly to the superior olivary nucleus. 
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CENTRAL CONNECTIONS 

From the dorsal cochlear nucleus secondary fibers pass (i) to the superior 
olive (Fig. 132), (2) to the accessory superior olive and (3) to the nucleus of 
the trapezoid body. Other fibers 
pass with the lateral lemniscus 
both directly and crossed to the 
nucleus of the inferior colUculus 
in the midbrain. Many of the 
fibers from the dorsal cochlear 
nucleus cross just beneath the 
ferior colliculus and the medial 
the striae medullans acusticac, 
continuing into the lateral lem- 
niscus, which IS the secondary 
auditory tract, reaching the in- 
ferior colliculus and the medial 
geniculate body 

The ventral cochlear nucleus 
(Fig. 133) send fibers to the oli- 
vary complex of the same and the 
opposite side, also to the nucleus 
of the lateral lemniscus and to 
the inferior colUeulus and tncdtal 
geniculate body of the thalamus. 

Superior , _ Peduncle of 
rudeus of » /“.Fltoceujua 
Dechterc'ir>._/,r:' / / 

LatersJ 
lemniscus 



Fig. 132— CstLsor Superior Olivary Nucleus 
o? Cat Gotci Metiioo (From Cajal.) 

A, fusdorm; D. marginal of anterior border} 
C, marginal of Inlum. 
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Fibers from the superior olive nlso |iass to l!ic nucleus of the Vlth nerve and to 
the medial longilndinal bundles. In the latter they bifurcate, the ascending rami 
reaching the micfci of the I/fnf and IVtb tierves, and the <Icsccndmg rami 
reaching the cen’ical cord of the same side. These arc reflex connections. 
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Fig. 134 — Diacrasi of Auditory and Vestibular Pathways 


From the medial geniculate body impulses are relayed to the superior and 
transverse temporal gyri (Fig. 134) of the temporal lobe, where they end in 
the cortex. These gyri form the cortical projection area for conscious hearing. 
The medial geniculate bodies of the two sides are connected together hy Gudden’s 
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AUDITORY APPARATUS 


commissure, which accompanies the optic tracts, to cross just behind the optic 
chiasma. 

The peripheral organ of the auditory system is differentiated from part of the 
older vestibular apparatus, hence the continuing anatomical relationship between 
them, although functionally the two have become entirely different. The central 
nuclei and pathways have also been differentiated from earlier existing lateral 
line and vestibular nuclei and generalized tracts, into the specific cochlear nuclei, 
superior olive, trapezoid body and lateral lemniscus, with their various connec- 
tions. 
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CHAPTER 14 

pnopmociwrnni apparatus 

StirnuU caused by muscular movement, tension on tendons and ligaments, mo- 
tion and flexion of joints, jKJsition of nicml>crs of the body, etc., are set up by 
special nerve terjulualions within the deep tissties of the lK)dy, The endings are 
of several histological tyjxjs, but arc grouped together as proprioceptors. The 
impulses initiated by them give rise largely to reflexes, but some reach con- 
sciousness. To Nvhat extent tltc latter should be differentiated from deep sensi- 
bility is not clear. Many of the m)clina(cd ncr\’e fibers entering striated muscle 
terminate as neuromuscular spindles or tendon spindles. Impulses from these and 
other proprioceptors, carried to the cord, brain stem and cerebellum, play an 
important part in cobnllnaiion of muscular movement. For the sake of simplicity 
the apparatus primarily concerned with coordination of somatic reactions, as 
distinguished from deep sensory perception, will be described as a distinct system. 

pRoratocEPTivn Tracts in Spinal Coru. — The nerve fibers to the proprio- 
ceptors arc of the large, myelinated type, with large cells in the dorsal root 
ganglia in the case of those ciUcring the spinal cord. The central fibers enter 
the dorsal funiculus through the dorsal roots (Fig. 66). They branch into 
ascending and descending rami. The latter pass down the cord one or two seg- 
ments, and make reflex connections. The ascending fibers form an important part 
of the dorsal funiculus of the spinal cord. They terminate in the nucleus 
fasciculus graciUs and nucleus fasciculus cuneatus of the medulla oblongata 
(Fig. 135 )- 

Some of the fibers, or collaterals from them, end in the intermediate region 
of the dorsal horn of gray substance. Here they make connections with cells 
whose axons form the ventral spinocerebellar tract. Others end in the nucleus 
doTsalis (Clarke’s column), the cells of winch give rise to the dorsal spino- 
cerebellar tract. Still others make reflex connections between various levels of 
the spinal cord. 

External Arcuate Fibers. — The proprioceptive impulses reaching the 
dorsal column nuclei of the medulla oblongata are relayed in part to the cere- 
bellum and in part to other nuclei of the brain stem. Those to the cerebellum 
leave the nuclei as external and, possibly, internal arcuate fibers. Dorsal external 
arcuate fibers (Fig. 91) appear to have their origin largely from the external 
nucleus of Momkozv, a somewhat isolated portion of the nucleus fasciculus 
cuneatus. It has larger cells than the main nucleus. It is regarded as correspond- 
ing to Clarke’s column of the spinal cord, serving the muscles of the arm and 
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jKck. Fibers from this nucleus reach the cerebellum of the same side througit the 
restiform body. Tliey appear to correspond to the dorsal spinocerebellar tract. 
Ventral external arcuate filters are described by some authors as arising from 
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Pig. 135— Some Propriocettive and Vestibular Connections 


tile dorsal nuclei of the medulla oblongata and entering the medial lemniscus, 
after crossing the raphe. Others describe them as having their origin in the 
ret/cniar formation of the nieduf/a oblongata and reaching the cerehe/Ium through 
the rchtiform body of the si<Ie opposite their origin. 
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PROPRlOCnpTIVll APPARATUS 


Stimuli caused by muscular movement, tension on icndous and ligaments, mo- 
tion and flexion of joints, iwsition of nicmlicrs of the body, etc., arc set up by 
special nerve terminations within the deep tissues of the body. The endings are 
of several histological types, but arc grou}>cd together as proprioceptors. The 
impulses initiated by them give rise largely to reflexes, hut some reach con- 
sciousness. To wloat extent the latter should he dilTcrentiatcd from deep sensi- 
bility is not clear. Many of the myelinated ner\’c fibers entering striated muscle 
terminate as neuromuscular spindles or tendon spindles. Impulses from these anti 
other proprioceptors, carried to the cord, brain stem and ccrehcllum, play an 
important part in cotinlination of muscular movement. For the sake of simplicity 
the apparatus primarily concerned 'with coordination of scmuiic reactions, as 
distinguished from dccji sensory perception, will be described as a distinct system 

PiiopRiocnPTivr. Tracts in Spinal Cord. — The ner^’c fibers to the proprio- 
ceptors arc of tiic large, myelinated type, with large cells in the dorsal root 
ganglia in the case of those entering the siiinal cord. The central fibers enter 
the dorsal funiculus through the dorsal roots (Fig. 66). They branch into 
ascending and descending rami. The latter pass down the cord one or two seg- 
ments, and make reflex connections. The ascending fibers form an important part 
of the dorsal funiculus of the spinal cord. They terminate in the nucleus 
fasciculus gracilis and nucleus fasciculus cimeatus of the medulla oblongata 
(Fig- 135)- 

Some of the fibers, or collaterals from them, end in the intermediate region 
of the dorsal horn of gray substance. Here they make connections with cells 
whose axons form the ventral spinocerebellar tract. Others end in the nucleus 
dorsalis (Clarke’s column), the cells of which give rise to the dorsal spino- 
cerebellar tract. Still otliers make reflex connections between various levels of 
the spinal cord. 

External Arcuate Fibers. — The proprioceptive impulses reaching the 
dorsal column nuclei of the medulla oblongata are relayed in part to the cere- 
bellum and in part to other nuclei of the brain stem. Those to the cerebellum 
leave the nuclei as external and. posribly, internal arcuate fibers. Dorsal external 
arcitate fibers (Fig. 91) appear to have their origin largely from the external 
nucleus of Monakow, a somewhat isolated portion of the nucleus fasciculus 
cuneatus. It has larger cells than the main nucleus. It is regarded as correspond- 
ing to Clarke’s column of the spinal cord, serving the muscles of the arm and 



PROPRIOCEPTIVE APPARATUS 


removing the restraint on the reflex which normallj' comes from the higher 
nervous centers. 

In tabes dorsalis, characterized by degeneration of the nerve fibers of the 
dorsal funiculus, the proprioceptive impulses are unable to reach the higher 
coordinating centers in normal amount. The result is tlie failure of coordination 
of the muscles, as in walking, which is seen in locomotor ataxia. 
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Inthknal Aucuati; I'liiniis (I'i’k- yi) relay prnpricjccptive iin|mlses from 
the nuclei of the fasciculus gracilis and cuncatus through the medial lemniscus 
to the thalamus. I'rom the latter the impulses may be relayed to conscious centers 
of the cerebral cortex. Internal arcuate fibers from the dorsal nuclei are also 
described as passing to the inferior olive. These connections, however, are not 
certain. 

MnsHNcnniALic Vth Tract and Nuclcus.— Large, unipolar cells are found 
scattered in the posterior jiart of the mtdbraiti. They correspond structurally to 
dorsal root ganglion cells, and arc regarded as sensory. They give rise to large 
myelinated fibers which emerge with the motor root of the Vth nerve. In their 
course tiirough the tegmentum of the pons they give off collaterals to the motor 
Vth nuclcns. Allen has shown tliat there arc also cells of these fibers in the 
Gasserian ganglion and along the motor Vth root. The peripheral fibers pass 
chiefly, if not entirely, into the massclcr muscle. They are regarded as proprio- 
ceptive for the muscles of masticaiion. 

Evn Musclh ako Tonouh Prodrioccptors. — There is evidence, both histo- 
logical and c.Nperiment.nl. of proprioceptors in the external eye muscles. These 
play an important role in the maintenance of liody position, etc. Muscle spindles 
have also liecn found in the (ongite nutsaihtnrc, with fibers in the hypoglossal 
nerve (I-angwortliy. 1924). These undoubtctlly liavc a ]>art in the comple.x activi- 
ties of the tongue, both in eating and in speaking. 

Musclh Tonus. — In addition to proprioceptive impulses which reach con- 
sciousness and those which reach the cerehenum and other coordinating centers 
of the brain, the proprioceptive system has an important function in maintaining 
tonus of muscles. A muscle with normal connections with the spinal cord resists 
tension on its tendons due to movement of a joint or otherwise. This resistance 
is known as the strctdi re/Icx. When a muscle is paralyzed by section of its 
dorsal or ventral roots it becomes flaccid. Impulses from proprioceptors within 
the muscle and tendon are set up by tension. These have been shown to be as 
frequent as 250 per second (Creed ct ah). It is likely that a small amount of 
tension stimulates only a few receptors, while increase of tension brings more 
into action. Stimulation of a few receptors excites only a few motor neurons to 
reflex activity to counteract the tension. As more proprioceptors are stimulated 
more muscle fibers are reflexly aflfected, thus regulating the tension on the 
tendon. 

Knee-jerk. — A sudden and marked tension such as that produced by striking 
the patellar tendon, brings a large number of tension receptors into momentary 
activity. They send a simultaneous sho^ve^ of impulses to the cord. By summa- 
tion of central effect a large number of motor neurons are caused to discharge, 
producing the marked contraction of muscles resulting in knee-jerk. If the dorsal 
or ventral roots of the nerves supplying these muscles are injured the reflex 
does not take place. It is exaggerated if the upper motor neuron is injured, thus 

166 



THE CEREBELLUM AND THE PONS 

Together they constitute the cerebellar commissvrc. In lower inaniinals and in 
submammals this arrangement is quite clear (Fig. 137). In higher mammals 
and in man it is obscured, save in certain stages of the embryo, by the wealth 
of cerebellar fibers of various origins. 

Phylogenetically and in the mammalian embryo a layer of nen'e cells and 
fibers forms along the course of the cerebellar commissure, giving rise to the 
second main division of the cerebellum, namely, the corpus ecrebdU (Fig. 143). 
This receives the more general type of proprioceptive stimuli originating in 
muscles, tendons, etc., in contrast to the special vestibular stimuli which reach 



Fig. 136— Diagram or Cerfbexlvm axi> CFRFnFJ.i.AR Comnectjons m a Newt (Triturus). 

aac , acousticolateral area, breonj , brachium conjunctivum; c.cb , corpus cercbelH; cocb , 
cerebellar commissure , co lai , lateral commissure ; da . anterior diverticulum of lateral recess 
of fourth ventricle , / aiir . auricular lobe, the forerunner ot the mammalian flocculus , nifc cb , 
nucleus cerebelh. the forerunner of the deep cerebellar nuclei; root of Vth nerve, 

rV vies , mesencephalic Vth root; rl'JI, root of Vllth nerve, rVll U , lateral hue Vllth 
root; rVIII V., vestibular root of Vlllth nerve; r.X, root of Xth nerve; r.A' //, lateral 
line Xth root, trebteg, cercbellotegmental tract; tr. sl>.cb , spinocerebellar tract. 

the flocculonodular lobe. The cerebellum thus consists of two fundamental 
structures, namely, the flocculonodular lobe and the corpus cercbelli, connected 
with the opposite sides of the rostral portion of the medulla oblongata by com- 
missures. 

In amphibians, with relatively sluggish movements, the corpus cerebelli is 
small m relation to the vestibular part of the cerebellum, i.e., the auricular lobe 
(flocculi of mammals). It increases in size in reptiles, birds, and mammals, 
becoming much folded in the latter two groups. Folding of the cortex begins 
in the larger reptiles, where a transverse fissure, the fissura prima. may be seen. 
This divides the corpus cerebelli into anterior and posterior lobes. In the alli- 
gator and small primitive mammals like the marsupial mole, the fissura secunda 
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THE CEREBELLUM 

file ccrchclhiin is (lcvcl()jx;<l from Ihc rostral region of llic rliomlwiiccplialon 
ns a suprascgnicntal organ. In its (liffcrcntintion tlicrc have been two chief 
factors, namely, the vcstilmlar and lateral-line systejns on the one hand, and 
the trigeminal and spinal proprioceptor systems on the other hand (Fig. 

The vcstilmlar nerve roots, and in water forms the lateral-line root fibers also, 
send fibers of termination into the rostrolateml angle of the medulla oblongata. 
This region enlarges to form the auricular lobe of lower vertebrates, this 
becoming the flocculus of mammals. Between the two auricles there is found a 
commissural connection known as the laUral eomimssitrc. It contains direct and 
secondary vcstilmlar fjhcrs. In mammals this commis.surc lies in the zone of 
attachment of the nodulus to the base of the cerchcllum and in the floccular 
pcclimclcs. The nodulus is absent in suhntammalinn fonns, but in mammals the 
midccrehcllar region, travcrsctl by the lateral commissure, eepands into the 
impaired nodular formation. This Is connected on each side by the lateral 
commissure with the paired flocculi, through the i>cdunclcs of the flocculi. In 
some mammals thc.se peduncles consist merely of a bundle of nerve fibers, in 
others they arc covered with a thin lajcr of cortex. In man patches of cerebellar 
cortex arc occasionally found along the peduncles of the flocculi. 

The Flocculonodular Lobe 

The vestibular part of the cerebellum, in mammals, includes the flocculi, 
their peduncles, and the nodulus. It constitutes the flocculonodular lobe which 
IS bounded from the rest of the cerebellum by the posterolateral fissure. This is 
the first fissure to appear phylogenetically and also in the mammalian embryo. 

The Corpus Cerebelli 

The deeper part of the rostral end of the rhombencephalon receives trigeminal 
fibers. Part of these end in a special part of the superior Vth nucleus, called 
the nucleus of the cerebellar commissure. Some of the trigeminal fibers, m 
amphibians, continue without interruption to the opposite side, forming a tri- 
geminal commissure over the fourth ventricle. The direct fibers are augmented 
by secondary fibers from the nucleus of the cerebellar commissure and also by 
spinocerebellar fibers. These fibers are all members of the proprioceptive system. 



THE CEREBELLUM AND THE PONS 

given. The anterior lohe does not grow laterally to the same e.xTent as does 
the posterior lohe. It is the most primitive part of the corpus cerebelU. 

The POSTERtoR LOBE (Fig. 1^3) gh-es oB lateral growths which result in the 
farafloccuhis and in the ansiform lobtile and its subdivisions. The paraftocculus 
IS connected by a stalk with both uvula and pyramis. The ansiform lobule is a 
lateral e.vpansion of the medial lobe of Ingwir, fonning m man the greater 
part of the cerebellar heniispliere. The hemispheres in man are so expanded 



From Jacksoti-Morris, Iliiinan .hiatotry, P, Blakistoii’s Son & Co., Philadelphia, 1933. 

that there is formed a median zone between them, the vennh, which however 
consists in part of flocculonodular Jobe and in part of distinct parts of the 
corpus cerebelli. It has no spedfle functional significance but the name is con- 
venient as a descriptne term. 

Deep Cerebeelar Kuclei 

The cerebellar nuclei consist in man of four paired gray masses buried in 
the mass of nen*e fibers below the cerebellar cortex. The most medial is the 
uuclcus fastigii or roof nucleus, whidi is also the oldest phylogenetically. 
Lateral to it lies the uuclcus globosiis, separated from the still more laterally 
placed uuclcus emboliformis by a thin strand of white matter. In lower mam- 
mals these two nuclei are connected. Developmentally, and functionally they 
are one and should together be called the nucleus inte'rl'osUus. Farther laterally 
lies the uuclcus dcutatus (Figs. 141 and 14 a}, the largest of the group and much 
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divides the pO'^tcrior lobe into two parts, the iiviila and the median lobe of 
Sniitfi. The posterior lobe is further subdivided in all other mammals 
by tlie prcpyroiitdal fissure into pyratnh and median lobe of Ingiar. 



c.pob.. pontobulbar body; c.tr., trapcioid body; fisppd., prepyramldal fissure; /iwrc, fis- 
sura secunda; flee., flocculus? tnedohJ., inrduIJa oblonffafa; ww.. midbram; . nodulus; 
pfi., paraflocculus ; plch , choriotd plexus; Po., pom; py.. pyramJs; r.V, root of Vth nerve; 
r.VIII, root of VlUth nerve ; in’., uvula. 

lateral view of cerebellum and adjacent region of jo day poudt youn^ opossum, d, ven- 
tral view of medulla oblongata, pons, flocculus and paraflocculus of 30 day poucli young 
opossum C, dorsal view of cerebellum and adjacent region of adult opossum. D, ventrolateral 
view of cerebellum and adjacent region of adult opossum. 


The ASTERio^ LOBE (Fig. 143), is divided into cuhnen, hbtihis ccnlralis and 
lingula, each of which subdivides in larger mammals into smaller lobules and 
folia- The number of folds varies vvith the size and muscular development of 
the species. In man the folia are narrow and closely packed, resembling in 
sagittal section a sprig of cedar, from which fact the name arbor vitae was 
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fibers from the nucleus of the cerebellar coirunissirre hare already been de- 
scribed as part of tliis commissure. 

The spinal connections (Fig. 146) arc by means of zr/ifral and dorsal sphw- 
ccrcbcllar tracts. In the cat there has been described also an mtcrmcdiale 
spinocerebellar tract, more closely related to the dorsal tract and entering the 
cerebellum through the restiforni body. 

The rcMtra/ spinocerebellar tract (Fig. 144) is the oldest idiylogcnetically. 
It appears to have its origin from cells in the dorsal horn and inlennediate gray 
matter of both sides of the cord and ascends as a superficial bundle in the 



Fig 140 — Median Sectiov Tuboucii Cebebellum and Brain Ste.m. 

From Jackson-Morris, ftiinian Analomy, P Blakiston's Son & Co, Philadelphia, 1933. 


lateral funiculus, reaching the cerebellum through the superior peduncle. It js 
distributed chiefly to the median (vennian) portion of the anterior lobe of the 
corpus cerebelli, carrying proprioceptive stimuli. While frequently called the 
tract of Gowers this usage is not strictly correct since Gower’s tract includes 
also spinotectal and other fibers occupjing the superficial lateral portion of the 
lateral funiculus. 

The dorsal spinocerebellar tract (Flechsig’s tract) (Fig. 144) arises from 
cells of Garke’s column (nucleus dorsalis) of both sides. The fibers enter the 
lateral funiculus in a zone just ventral to the lip of the dorsal horn. They turn 
upward and reach the cerebellum through the inferior peduncle. This tract is 
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Fig. 139 — Istpjhor SunfAce op Cf-kebpjxuii. 

From Jacksott'Morris, /iHOiomy, P. BlaVwton’s Son fL Co., Philatkli'hU, i933 

parts of the cerebellar cortex, the imiividual jiaths of connection being described 
below 

ArpEBENT Fibers of the CcRnnELLUM 

The incoming impulses to the cerebellum are derived from three main sources, 
namely, vestibular and trigeminal roots and nuclei, spinal cord, and cerebrum. 

Vestibular root fibers (Fig. 145) enter the base of the cerebellum through 
the medial part of the restiform body and terminate in the cortex of the flocculo- 
nodular lobe and to some extent in the lingula and uvula. 

Vestibulocerebellar fiber's pass through the inferior cerebellar peduncle to be 
distributed to the entire basis cerebelli, to the greater part of the anterior lobe 
and to the uvula These are secondary fibers from the vestibular nuclei, espe- 
cially from the superior nucleus of Bechterew and also the lateral nucleus of 
Deiters. 

Trigeniinocerebellar fibers have not been demonstrated in man or higher 
mammals but are clearly present in lower mammals (Fig. 144) und sub- 
mammals. Direct trigeminal fibers are few or lacking m mammals Secondary 
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strated in higher mammals or man, probably because hidden by the wealth of 
other fibers If, as has been suggested, it conveys impulses from the visual 
centers to the cerebellum, it should be present in higher mammals and man, in 
which the visual centers are very important, 

Relicitloccrcbcllar fibers from the reticular substance of the medulla oblongata 
have been described. Tliev arise from cells of the lateral and inferior reticular 
nuclei. 

Efferent Fibers 

The efferent cerebellar fibers have thdr origin chiefly in the deep nuclei. 
Some however arise from cells of the flocculus. There are three principal 



Fig 142 — Cells of the Dfxtate Nucleus from Cat Foetus. Golgi Method 

A anj D, fibers of the superior cerebellar peduncle; a. b, axons of cells of dentate nucleus, 
c, collaterals. (From Cajal) 

bundles, namely, the angular bundle of Loivy, the uncinate bundle of Russell 
and the bradiiiim conjunctivum (Fig. 149). 

The angular bundle of Lotoy probably represents axons of Purkinje cells 
of the flocculus. It enters the medulla oblongata at the angle of the lateral 
recess and ends in the vestibular nuclei. It represents, apparently, the oldest 
efferent connection of the cerebelluni. 

The mmuate bundle of Russell (cmbellm-cslibuhr and sfinal tract) lias 
Its origm in the fastigial nuclei of Iwtli sides. Fillers from the globose nucleus 
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(Ustrilnttc'cl to tlic nntcrior lol)c, the pyrnniis flntl the uvula, terminating some- 
what more laterally thaii the ventral spiiioccidKfllar tract. 

Olivocerebellar fibers enter the ccrcljcllimi from the inferior and accessor)' 
olivary nuclei of the oj)ixisitc sulc and to some extent from the same side. These 
may he regarded ns iiilenial aremte fibers. They pass through the rcstiform 
body. 

Dorsal and veiilral external arcuate fibers alst> rcacli the ccrcljcllum. The 
dorsal c.xtcrnal arcuates arise largely fr<«n the nucleus cuneatus of the same side 
atxl jwss directly through the restifonn Inxly to the ccrcl)ellum. The ventral 
e.xternal arcuates have their origin In the nucleus gracilis, the nucleus cuneatus, 



Fic 141 — Horizontal Sectio.v of CFJJEUFiiUM, Showing Dentate Nucleus. 


the arcuate nuclei and the lateral reticular nucleus. They cross the midplane 
and sweep around the olive, forming a thin layer external to it, to pass through 
the restiform body of the opposite side into the cerebellum. 

Pontocerebellar fibers constitute the middle cerebellar peduncle or brachium 
pontis. They arise from the pontine nuclei, cross the midplane ventrally and 
ascend to terminate in the cerebellar hemispheres. Those arising from the rostral 
portion of the pons pass to the inferior part of the hemispheres. Those from the 
lower portion of the pons pass to the upper part of the hemisphere. The pons 
and its cerebellar connections are present only in mammals and man. They con- 
stitute the most recent connections of the cerebellum, phylogenetically. 

Tcctocercbcllar fibers enter the cerebellum of submammals and lower mam- 
mals through the anterior medullary velum. This tract has not been demon- 
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The surface of the cerehellum is folded into large numbers of narrow gyri 
or folia. Each foluim consists of a core of medullar} sidistance and a cortex 
composed of three layers, namely, a granular layer, adjacent to the medullary 
substance, a layer of Purk'mic cells, and an outer molecular layer (Figs. 14" 
and 148) . The structure of the folia is the same in all parts of the cerebellum 



Fic. i44~-Diacrau of Spinocerebellar and Trigeminal Connections of Cerebellum 
aq, aqueduct of Sylvius, cc , central canal; cocb, cerebellar commissure; cotal., lateral 
commissure , fis Pc , preculminate fissure , fs ppJ , prepyramidal fissure , fis pr , fissura pnma ; 
fisscc, fissura secunda, fis po lat , posterolateral fissure, floe., flocculus; ling, lingula; 
lob iim ■ lobulus simplex , lob vied Ing , medial lobe of Ingvar ; nics , midbrain , nod . noduliis , 
mic.denl , dentate nucleus; nuc.faii , fastigial nucleus; nHc.in/ , interpositus nucleus; jiuc.trjf , 
vestibular nuclei, pfi , paraflocculus , pi cli., chorioid plexus; pyr., pyramis; trd.vesf . direct 
%estibular tract to cerebellum; trmf rb , vestibulocerebellar tract, irspebd., dorsal spino- 
cerebellar tract , Ir sp (b f., ventral spinocerebellar tract ; tr.li {g cb . trigeminocerebellar tract ; 
Kf , uvula , V 4, fourth > entricle. 

The gramthr layer consists of numerous small cells, the granules, which 
have three to six short dendrites, and a single axon. \Yhen stained bv ordinarj* 
histological methods the cells appear rounded and the nuclei are seen to nearly 
fill the cell body. The dendrites terminate in peculiar, short, claw-like branches 
within the granular layer. The axons, which are unmyelinated, pass toward 
llie surface to enter the molecular layer. Here they bifurcate, one branch nm- 
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have also been desenhed. The fit)crs hook over tlie hrachium conjiinctivum 
and descend in the inferior cerebellar peduncle to terminate, chiefly, in the 
vestibular nuclei. Some fibers end in the reliailar formation. Others continue 
into the cervical region of the spinal cord. 

The faslujiobulbar /rar/.— In addition to the hooked bundle of Russell there 
is a direct tract from the fastigial nuclei to the medulla oblongata. It also 
descends through the inferior cerebellar peduncle and terminates in the ves- 
tibular nuclei and the reticular formation. 

The brachhtm coujunctivum takes origin from the dentate, cmlwliform and 
globose nuclei and passes rostrally ami ventrally into the midbrain. After cross- 



FtG. 143— DfACftAM OF IIUWAK CfJlEBELLU.U. 
c.cb., corpus cerebelH; eu\., culmen; parafloccutar fissure; posterolateral 

fissure; fis.ppd , prepyramidal fissure; fisf’r , fissura prima; fissec., fissure secunda; lant , an- 

. . ■ ■ ' ' ts , ansiform 

. . raflocculus; 


ing as the deatssafion of the brachium conjwictwHux, part of its fibers end in 
the red nucleus. A large numlwr, however, continue forward to terminate in 
the lateroventral nucleus of the tlialamus, giving collaterals to the red nucleus. 
There is evidence that some brachium conjunctivum fibers end in the teg- 
mentum of the midbrain and of the medulla oblongata as cerebellotcgmcntal 
fibers. 

Histology of the Ccrebellum 

The cerebellum is made up of an outer gray layer, the cortex, and a deeper 
lying medullary portion. Embedded within the latter are found the gray masses 
of the cerebellar nuclei, made up of huge multipolar neurons. The medullary 
portion proper consists chiefly of great numbers of myelinated nerve fibers 
which represent the afferent and efferent fibers of the cortex. 
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rounded base, from which the axon is given off. and a tapering body which 
divides into one to three dendrites. The dendrites are large near the cell body, 
but branch into large numbers of smaller processes which extend toward the 
cerebellar surface in the molecular layer. Typically they spread out fan-like 
from the cell, the dendritic processes from each Purkinje cell occupying a 
broad but thin zone whose axis lies at right angles to the major axis of the 



Fic. 14O — Diagram of CFRFjFiLAR Connection’s. 
See Figure 144 for abbreviations. 


folium By this arrangement tremendous numbers of axonic processes from 
the granule cells, tvhich, as above indicated, have a course parallel with the 
mam axis of the folium, pass through the spread of Purkinje cell dendrites and 
come into synaptic relation with them. The axons of the Purkinje cells pass 
into the medullary substance and reach the deep cerebellar nuclei. Purkinje 
cells in the flocculus, however, give off axons which reach the vestibular 
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ning laterally aiul the other medially from the point of entrance, parallel to 
the axis of the folium. Ikeanse of the great numher of granule cells, all of 
which send axons into llic molecular layer, there arc inmimerahlc fine fibers in 
the latter, known as the parallel fibers. When the folium is cut transversely 
these fibers arc seen as fine clots, giving rise to the term molecular layer for 
tlie zone they occupy. 

In addition to granule cells the granular layer contains Golgi Type 11 cells, 
for the most iiart in its outer zone. These cells send a numlier of dendritic 



Fig. 145 — Diagram of VESTiuutAR CoKUPeriovs with Cfbebellum. 
See Figure 144 for abbreviations. 


branches into the molecular layer. A single diffusely branching axon ramifies 
within the granular layer. The granular layer also contains peculiar synaptic 
processes, best seen in sections stained by the silver methods, which are the 
terminals of some of the fibers entering from the medullary substance. These 
are known as mossy fibers, and their peculiar terminals form synaptic con- 
nections with the claws of the granule cell dendrites. 

The Purhinje cells in man are arranged in a single row between the granular 
and molecular layers. The cell bodies are relatively large, measuring as much 
as 65 microns, but with considerable variation. They are pear-shaped, with a 
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rounded base, from which the axon is given off, and a tapering body which 
divides into one to three dendrites. The dendrites are large near the cell body, 
but branch into large numbers of smaller processes which extend toward the 
cerebellar surface in the molecular layer. Typically they spread out fan-hke 
from the cell, the dendritic processes from each Purkinje cell occupying a 
broad but thin zone whose axis lies at right angles to the major axis of the 



Fig 14O — Diagram of Cfrebf.ij.ar Connectioxs. 
See Figure 144 for abbreviations 


folium. By this arrangement tremendous numbers of axonic processes from 
the granule cells, which, as above indicated, have a course parallel with the 
main axis of the folium, pass through the spread of Purkinje cell dendrites and 
come into synaptic relation with them The axons of the Purkinje cells pass 
into the medullary substance and reach the deep cerebellar nuclei. Purkinje 
cells in the flocculus, however, give off axons which reach the vestibular 
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micloi. Near lha cell body (lie axons have mmicrous collateral liranclics which 
clTcct connections witli nciftliljorinj; Pnrfcinje cells. 

The moicnihr layer consisl.s chieny of the (;rnnnlc cell a.xons and Purtinje 
cell dendrites already dcscrihcd, but also many climbing lilwrs enter it from the 
medullary substance. The climbing fibers (wine aliout the Purkinje cell den- 



Fic. 147, — Semidiacrammatic Transverse Section of a Cerebeixar LAsrEtxA, Gwxi. 
s'/, molecular Ia)cr, P, granular layer; C. mwlullary layer; a, Purkinje cell; fc, basket cells 
with d, basket-like syiupscs on bodies of Purkinje cells; e, superficial stcllstc cells; f, Golgi 
type II cell ; g, granule cells, wilh 1, bifurcating axons; A, mossy fibers; j, and »«, neuroglia; 
H, cUtnbiRs filler Golgi method From Cajal, Hutclagy, \Vm. Wood & , Baltimore, ipjj- 

rlrites, ramifying with the latter ami forming synapses, apparently through the 
gemmulcs with which the dendrites of llic Purkinje cells are studded. 

Two types of nerve cells also are found in the molecular later. The basket 
cells lie for the most part in the deeper portion of this layer. These are stellate 
in form, with four to six relatively short dendrites radiating from the cell liody, 
and with a single axon which gives off a large number of collaterals, each 
forming a synaptic basket about the body of a Purkinje cell. In the outer zone 
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of the molecular layer are found smaller stellate cells each having a few 
dendrites and an axon which runs parallel with the surface of the folium, but 
at right angles to its main axis. 

Two principal types of fibers reach the cerebellar cortex, namely, the climbing 
fibers and the fibers. The latter end in the granular layer, each fiber 

forming synapses with large numbers of granule cells. The impulses are relayed 
by the axons of these cells to the Purkinje cells, large numbers of these having 
synaptic relations with each parallel fiber formed by these axons. In this way 



Fig. 148 — LoNfliTuniKAL Spction of a Lamflla of Cerebf-llum. 

A, molecular la)ef , D, granular layer; C, nie<lullary layer; a, axon of granule cell; b, its 
bifurcation in the molecular la\er, e, terminations of parallel fibers; d, Purkinje cell. Golgi 
method. From Cajal, Histology, Wm Wood & Co, Baltimore, 1933 

the impulses entering through the mossy fibers are very widely diffused in 
the cerebellum. The climbing fibers end in relation to individual Purkinje cells. 
Cy means of the collaterals, alx)ve described, impulses from one Purkinje cell 
may affect many others in its neighborhood. Also the basket cells, through their 
connections with large numbers of Purkinje cells, may excite these to simul- 
taneous action. The entire cerebellar mechanism is so arranged as to favor the 
diffusion of stimuli throughout the cortex, the summation and reinforcement 
of these stimuli, and prolongation of motor discharge. The “avalanche conduc- 
tion” of Cajal is particularly favored by the arrangement of the cerebellar 
elements 

Climbing fibers appear to enter the cerebellum most numerously through the 
brachium pontis, while the mossy fibers enter chiefly through the restiform 
body. 

Connections of the Cortex 

The connections of the cerebellar cortex arc with the deep cerebellar nuclei, 
the vestibular nuclei and the reticular formation of the medulla oblongata The 
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flocculonodular lobe sends ciTcrent fibers lo tl>c vestibular nuclei. Dow (193C 
and 1938) has shown that fillers from llic flocculus end Jn t)»e lateral nucleus 
of Dciters and the superior nucleus of Bcchtcrcw. The nodulus sends fibers 
to all the vestibular nuclei, to the reticular fonnation of the medulla oblongata 
and pome to the fastigial nucleus. A few enter the medial longitudinal bundle. 

The cortex of the corpus ccrclielli (Fig. 146) gives efferent fibers to the 
nucleus interpositus and the nucleus dcniatus. Experimentally it has lieen .shown 
that efferent filler* from the anterior lolic a«<I from the lobnhis .sinjplc.v, the 



pyramis and the uvula of the posterior lobe enter the fastigial nucleus. From 
the culmen, lobulus simplex, pyramis, parafiocculus and cnis I of the ansiform 
lobule they enter the nucleus interpositus. From the median lobe of Ingvar, 
including the ansiform lobule, and in part from the parafiocculus, they enter 
the dentate nucleus. 

The -fastigial nucleus gives rise to the fasciculus uncinatus of Russell, which 
hooks over the brachium conjimctivum and passes into the medulla oblongata 
by way of the restiform body, to terminate in the vestibular nuclei and the 
reticular formation of the bulb and cord, as stated above. 

The nucleus interpositus {globose and enibolifonn nuclei) and nucleus deit- 
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latiis together give rise to the brachimn coiijtlliclrjnnl. This passes forward as 
the superior cerebellar peduncle and ends, in part, in the red nucleus o£ the 
midbrain, and in part, in the lateroventral nucleus of the thalamus. 


THE PONS 

The pons is the region of the brain which connects the medulla oblongata, 
the cerebrum and the cerebellum. Externally it appears as a broad, transverse 



Fig 150 — Cells anu Fibers of Pons of Kitten Golgi Method (From Cajal ) 
a, collaterals from fil>ers of pjramids; h, other collaterals; c, cells of pontine nuclei be- 
tween fibers of pyramids, d, plexus of collaterals; <*, descending collaterals. 

band of white fibers which arches across the anterior aspect of the brain stem 
between the isthmus and the upper part of the medulla oblongata. This band 
contracts on each side into a rounded fiber mass, the brachiiun ponth or 
middle cerebellar peduncle, which arches uptvard to enter the cerebellum The 
trigeminal nerve roots emerge between the fiber bundles of the base of the 
peduncle The pons consists of a tegmental and a basilar part. 

The tegmentum of the pons is the posterior portion which forms the floor 
of the fourth ventricle (Fig 151). Save for descriptive convenience there is 
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fiocculonodular lobe sends clTcrcnt fibers to the vestibular nuclei. Dow (193G 
and 1938) has shown that fibers from the flocculus end in the lateral nucleus 
of Dciters ami the superior nucleus of Bcchtcrcw. The nodulus sends fibers 
to all the vestibular nuclei, to the reticular formation of the medulla oblongata 
and some to the fastigial nucleus. A few enter the medial longitudinal bundle. 

The cortex of the corpus ccrebcIH (Fig. 146) gives cfFercnt fibers to the 
nucleus interpositus and the nucleus dentatus. ExiKTimcntaliy it has been shown 
that cfTercnt fibers from the anterior lobe and from the Inlnilus simplex, the 



Fjc. 149 — Diagram of EPFBStsT CcRFBaxAR Cosnfctious, 


pyramis and the vmila of the posterior lobe enter the fastigial nucleus. From 
the culmen, lobulus simplex, pyramis, paraflocculus and crus I of the ansiform 
lobule they enter the nucleus interpositus. From the median lobe of Ingvar, 
including the ansiform lobule, and in part from the parafloccuhis, they enter 
the dentate nucleus. 

The fastigial nucleus gives rise to the fasciculus uncinatus of Russell, which 
hooks over the brachium conjunctivum and passes into the medulla oblongata 
by way of the restiform body, to terminate in the vestibular nuclei and the 
reticular formation of the bulb and cord, as stated above. 

The nucleus interpositus {globose atid emboliform nuclei) and nucleus den- 
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lalns together give rise to the brachium coiijunctimim. This passes forward as 
the superior cerebellar peduncle and ends, in part, in the red nucleus of the 
midbram, and in part, in the lateroventral nucleus of the thalamus. 

THE PONS 

The pons is the region of the brain which connects the medulla oblongata, 
the cerebrum and the cereheUum. Externally it appears as a broad, transverse 



Fig. 150 — Cells and Fibers of Pons of Kitten Golgi Method. (From Cajal.) 
a. collaterals from filwrs of pjramids; b, other collaterals; c, cells of pontine nuclei be- 
tween fibers of pjramids; d, plexus of collaterals; e, descending collaterals. 

band of white fibers which arches across the anterior aspect of the brain stem 
between the isthmus and the upper part of the medulla oblongata. This band 
contracts on each side into a rounded fiber mass, the brachium pontls or 
middle cerebellar peduncle, which arches upward to enter the cerebellum. The 
trigeminal ner\e roots emerge between the fiber bundles of the base of the 
peduncle The pons consists of a tegmental and a basilar part. 

The tepmeulum of the pons is the posterior portion which forms the floor 
of the fourth ventricle (Fig. 151). Save for descriptive convenience there is 
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no special reason to <Itn’cremiftlc it (fo$n the niwlulla oblongata. It is the 
jiortion <i( the rhomknccplmlon wUidt Iws become enclosed, in phjiogcnetic 
dcvelQ])mcnt» by the great mass of fibers which connect the jwmine nuclei with 
l)ie ccrcbclhim. It consists of a consuJeraWc 7onc of reticular formation, con- 
tinuous with that of the ni«luUa oblongata, licloiv, and of the tcgnicntuni of 
the mhlbrain above, Tiic itiinK^lfatc floor of the ventricle in this region consists 
of a thfch' hr^cr of gray .s«b>(a«cc with an c{>cn<t>r«af covering. In atWition the 
tegmentum contains the sujH.‘rif>r olivary nncleus ami the trapezoid hotly. Tlie 
an/'cnor olive is a si>con{Iary amlilory itttcleii^ ami the irapeznUI body is a great 
mass of auditory fillers which cross the tiudjilanc, forming the chief deaissation 



Fifl. voiwss Secriex Tnnoucii Pass and Caoixm. Part or ifroeRAW. 


of tile auditory system The rettiaiiiitig structures ol the tegmentum are con- 
timtotis with various nuclei and fiber bundles of the medulla oblongata below. 

The basilar part of the pons is phylogenetically a new structure, quite distinct 
in development and connections from the tegmentum. It makes its appearance 
in the lower mammals, and its development is closely related to that of parts 
of the cerebral cortex and of the neocerebeUxun. There is evidence in lower 
mammals that the part of the pons caudal to the trigeminal roots receives fibers 
from the frontal lobe of tlxe cerebrum, while the pretrigemiiial part receives its 
fibers from the panetal lobe (Abbie). Tlxese fibers from the cerebral corte.x 
have a longitudinal course and lie xvithin the basilar part of tiie pons, 
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forming large fascicles. Some of them end in the pontine nuclei, constituting 
the corticotoniittc tract, while others, the cor/iVo&ii/&ar and corttcospwal tracts, 
pass through the pons to emerge as the pjTamids on the anterior side of the 
medulla oblongata. 

Pouhnc nuclei . — ^The transverse or pons fibers proper lie superficially. They 
have their origin from masses of cells interspersed between the longitudinal 
and transverse fiber bundles. These cell masses are the pontine nuclei. They 
correspond to the arcuate nuclei of the medulla olilongata, but are much more 
developed in volume. The cells (Fig. 150) are of two types, namely, multipolar 
cells, which give rise to the brachiiim pontis fibers, and Golgi type II cells 
whose axons end within the pontine nuclei themselves and apparently serve as 
integrating neurons in the nuclei. In addition to the corticopontine tract already 
named, the pontine nuclei also receive collaterals from the pyramidal tracts 
which pass through the pons. 


FUNCTION AND FUNCTIONAL LOCALIZATION 
IN THE CEREBELLUM 

The cerebellum may be stated in general terms 10 be “the head ganglion of 
the propnoceptis'e system.” To paraphrase Sherrington, it is the organ of a 
particular class of reactions which have their sources in receptor organs of 
several senses, but especially those whose functions have to do with space per- 
ception and those which serve proprioceptive stimuli. It aUo supports the tonus 
of most of the cranial and spinal ner^'e roots and plays an important part in the 
coordination of muscular action, both for maintenance of attitude and for 
carrying out of movements. It is concerned both with habitual posture and 
with movements, such as running and walking, which depend on the lower 
cerebral centers, as well as the skilled movements which depend on the cerebral 
cortex for control. 

The Flocculonodular Lobe — The results of recent experimental studies, 
coupled with clinical observations, indicate that the flocculonodular lobe is closeh- 
related, functionally, to the vestibular apparatus. The flocculus has its efferent 
connections directly with the vestibular nuclei (Dow, 1938). The nodulus like- 
wise sends its fibers directly to the vestibular nuclei. The flocculonodular lobe 
thus has only vestibular connections, both afferent and efferent. 

Lesions closely restricted to the nodulus and posterior part of the uvula, in 
macaques, resulted in marked disturbance of equilibrium, with oscillation of 
head and neck, ataxia of the trunk, falling, and staggering gait. There was 
however, no tremor, h>potonia or disturbance of reflexes. Removal of the nodu- 
lus after destruction of the labyrinth on both sides produced no additional 
effect beyond a temporary increase in supporting reactions. In the chimpanzee 
similar results followed removal of the nodulus, without tremor, reduced muscle 
tone, or disturbance of reflexes. The experimental evidence amply justifies the 
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i«orp 5 mU>g 5 c iHicrpTclalion that the floccutonodular lobe Is vestibular in its func- 
tional relationships. 

The .so-called posterior vermis s>iwIromc of man is illuminated hy this inter- 
pretation of the cerebellum, as Fulton ami Dotv (1937) have fiointcd out. 
Medulloblastoma of the nodulus produces disturlnncc of equilibrium and gait, 
without ataxia of the extremities or tremor so long as die patient is l>ing still 
(Hailey, 1933)- These arc vestibuhr syniptonn. It should lie recognized in this 
comiccliou tliat the fact, pointetl out by Oslerlag (1936), that the no<iulus is 
the last part of the ccrclicllum in which cellular difTcrentiation ceases, embryo- 
logically, may fit into the pathological picture ixrrfectly instead of being an 
apparently anomalous fact. The Modulus, while formed on the lateral commissure 
of the ancient .aurtcnlar lolw, is itself a new structure, first appearing in 
tnanmuils. If cessation of eel! difrereniiatton in the embtyo lias any relation to 
the phylogenetic age of any p.art of the brain, the nodulus sliould continue to 
<iifi‘crcnliatc cells long after many other a-rclicnar parts have cca.sed to do so. 

Corpus CnRHont-Li. — The parts of the corjms ccrcljcHi most closely related in 
position to the fiocculoncKhdar lol>c. and rctircscnting the earliest outgrowths of 
the basis ccrcbelll, namely, tiic tivnh and the lingula, receive both spinocere- 
bellar and direct vestibular fillers. Hoth give cfTerents to the s’cstibular nuclei, 
as tiolcrl. The uvula also sends effcrcuts to the fastigial nucleus. Whether or 
not the lingula also docs so is not yet clear. 

The anterior lobe, aside from the lingtih, receives spinocerebellar fillers, both 
dorsal and ventral, and most of it receives secondary vestibular fibers. Its Pur- 
kinjc cell axons pass to the fastigial nucleus. Dorsal spinocerebellar fibers pass 
to the lofniUis simplex, the pjramis. parafiocadus and uvula of the posterior 
lobe. The uvula also receives secondary vestibular fibers, but the other parts 
named apparently do not. According to IngN’ur the pjramis receives no direct 
vestibular fillers, aUliough tlw older uvvda docs. The lobulus simplex, pyramis 
and uvula send ctTcrcnts to the fastigra! nucleus. The uvula alone, as already 
noted, sends cfTerents elsewhere in addition. The efferent connections of the 
fastigial nucleus arc with the bulb and the cord througii the uncinate bundle. 

Little experimentation on the anterior lobe has been jiossible in monkeys. 
Removal of the lobe in the pigeon resulted in hjpertonia and opisthotonus. 
Removal oi one lateral half resulted in sjTnptoms in the extremity of the oppo- 
site side Complete destruction of the anterior lobe in the pigeon produced no 
visible effect on the vestibular reflexes. 

In the decerebrate cat, extirpation of the anterior lolie of the corpus cerebelli 
was followed by increase in decerebrate ri^dity. Removal of the entire cere- 
bellum from a cat whose cerebral cortex had been removed on one side resulted 
in the hemiplegic extremity becoming r^d. This effect is referred by Fulton 
to the anterior lobe of the cerebellum. 

Lesions of the uvula in monkeys produce a temporary effect on equilibrium, 
without involving any particular jKirt of the body. Removal of the pyramis in 
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three monkeys resulted in inability to stop in time to avoid striking visible 
objects when the animal was running forward. This phenomenon is interpreted 
(Fulton and Dow, 1937) as due to some disturbance in distance perception. 
Electrical stimulation of the pyramis produces eye movements, as noted by Sher- 
rington (1900), Andre-Thomas (1911) and Dow (1935). Fixation nystagmus 
appears to be related to lesions of the pyramis. 

Trunk ataxia has been held due to injury to the posterior vermis, the trunk 
muscles having been assumed to be under control of the posterior vermis. Fulton 
holds however that the symptom is one of “disturbed coordination in space” 
and has nothing to do with localization of trunk muscles in the cerebellum. 
Dow has shown that these sjmptoms are due to injury to the flocculonodular 
lobe and are vestibular in origin 

Comparing the results of experimentation on the nodiilus, twida and f^yramisj 
the so-called posterior verutis of many authors, it will be noted that these parts 
are functionally distinct. This is in keeping with their morphologic develop- 
ment and history. The paraflocatlus is derived as a lateral extension of the uvula 
and the pyramis It retains a peduncular connection with them, and its cortical 
association fibers, according to Jansen and Dow, are most closely related to 
uvula and pyramis. The eflerent fibers of the paraflocculus, however, reach the 
zone of transition between nucleus interpositus and nucleus dentatus, with some 
ending m the dentate nucleus. No fibers, so far discovered, end m the fastigial 
nucleus. This gives the paraflocculus connections through the brachium conjunc- 
tivum rather than througli the uncinate bundle. Its functional significance is 
obscure. No specific movements of the eyes or other parts have been observed 
in a restudy by Dow by stimulation of the paraflocculus. Certainly it has no 
1 elation to the flocculus, save connection by arcuate fibers, and the nystagmus 
movements formerly associated with it must be assigned to the flocculus. On the 
basis of comparative anatomy the tentative suggestion has been offered that it 
may have to <lo with proprioceptive impulses, other than vestibular, which play 
a part in maintaining equilibrium 

The lobulits simplex has been associated, functionally, with the neck muscles 
by van Rijnbcrk and others. There is no new evidence concerning this lobule. 

NEOCEREBELLUM AND PALEOCEREBELLUM 

It must be recognized that there are many stages in the evolution of the cere- 
bellum The first is represented by the commissure. This was followed by the 
cerebellar plate, corresponding to the basis cerebelli of mammals. With expan- 
sion of the cortex of the plate came folding, resulting in the mam fissures of 
the corpus cerebelli Also there is the stage, in reptiles, of differentiation of the 
pars lateralis, the forerunner of the ansiform lobule of mammals. In mammals 
with the definite appearance of the pons and corticopontine-cerebellar connec- 
tions. comes the medial lobe of Ingvar. There are no sharp boundaries between 
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these stages of dcvcloi>nicnt. Phylogenctically llicrc is basis for a convenient 
division into arcliiccrcbcUum, f>aIeoc(rebcIlum, and ncoccrebcllnnt. The bound- 
aries, especially between nrchiccrchclluni and palcoccrchclium are very vzgnc, 
but. in general, the archiccrcbclhim ivotiJd Include the /locculi and basis cerc- 
bclli, with part of the anterior lobe and possibly part of the posterior lobe of the 
corpus ccrcbclli. The palcoccrclKrllum should include the major part of the 
anterior lobe, and the pvula and pyramts of the {posterior lolx;, with probably 
the attached paraflocculus. The tcnii iicoccrcl>cllum should be applied in a gen- 
eral way to the region receiving jwntinc fdicrs predominantly. 

The emphasis on the xrnms as a functional entity lias Ixren misleading. The 
vermis is made up of distinct units, some closely related to the ancient ves- 
tibular foundation of the cerct)ellum, otliers with spinal connections, and still 
others with the newer connections cstablislictl by the higher brain centers. The 
venuis can be regarded as a separate division, even from the point of view of 
surface anatomy, only if the primate ccrcl>c!lum, witli its greatly hypertrophied 
ansiform lobule, is taken as the model fonn. The vermis belongs in part to 
archiccrel/elhjm, in p.irt to («lcoccrcl)cllom. ami m p.art to neocerebellum. 

NcoccrcbcIhwi.-^Urcmcr ablated the neoccrcbcllum of cats and dogs on one 
side. The symptoms arc described as homolatcral, with the animal curving its 
body toward the side of the lesion. There is also a hypotonia, and volitional 
movements are accompanied liy moderate tremor and hypermetria. These sjTUp- 
toms all disappear after two months unless the deep nuclei liave been affected. 
There arc no disturbances of equilibrium at any time. 

Ablation of the ncocerchcllum in monkeys results in symptoms similar to those 
seen m cat and dog, with the .addition of marked Uisturlkance of skilled move- 
ments. In the baboon there is marked hypotonia. No tremor was noted save 
when the dentate nucleus was also involved. Unilateral and bilateral ablations 
of the neoccrcbellum were studied by Bottcrell and Fulton in monkeys and 
baboons Unilateral ablation of the cortex alone results in transient hjpotonia. 
awkwardness, and disturbance of gait on the same side. When the dentate 
nuclei were involved the sjTuptoms named were more conspicuous and more 
lasting. There was also tremor in voluntary movement. Bilateral ablations of 
the cortex produced marked symptoms, with a disturbance of gait characterized 
by leaping and inability to arrest forward movement in face of an obstruction 

Botterell and Fulton have also studied the effects of such lesions on chim- 
panzees. The results were similar to those in monkeys but more enduring. 
There was extremely slow imtiatton of movements and marked hypotonia, the 
latter corresponding to that seen in man after neocerebellar injury from gunshot 
wounds. 

The tremor of cerebellar disease is held by Walshe to represent imperfect 
compensation of other parts of the nervous system for cerebellar failure. 
Aring and Fulton found that remov^ of part of the frontal cerebral lobe 
anterior to the motor area, in monkeys, produced an exaggeration of cerebellar 
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symptoms, and Fulton inferred that this area is responsible for cerebellar com- 
pensation. When voluntary movements are reduced by ablation of the motor 
area itself, there is decrease of cerebellar symptoms. 

Cerebellar tremor does not occur from lesions of nodulus, uvula or p}ramis, 
i.e., lesions of the so-called posterior vermis. Neither does it occur if, in addi- 
tion, the fastigial nuclei are also removed. Ablation of the cerebellar cortex 
alone docs not produce cerebellar tremor. If, however, the dentate or emboliform 
nuclei are involved tremor developes, but if part of the nuclei remains it dis- 
appears m part. If the brachium coiijunctivum is severed, however, the tremor 
becomes permanent. 
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CIIAPTEU 16 

THE MIDlilOilH 


The rnttlljrain is n sitort sc;,’iijc»t coiiiK’cJmp jIjc ih»»s aij<l ccrc!>dliim with iIjc 
forcbrain (Fij,'* 152). In tlic cnihr)‘o i!ic nctinil plale r«}Is into a in tins 
rcRion, As <lcve}opincnt progresses i!jc floor of the tnhe l>cconjcs thickened hy 
development <if nuclear masses and tn^ro\vtli of nerve fil)crs until it is much 
thicker than the roof. In the roof or itcitttn miclcar masses also dcvciope, form- 
ing a qimtfrir/einiiiflf plate, so called from the two jiairs of eminences seen from 


Fic 152 — Lat»kau View of Brain Stem. 

above. The ventral part of the midbrain is called the cerebral peduncle. It is 
divided into the basis /Ttfintciefi, made up of descending fiber tracts, and the 
ter/nicnfmii which lies below the vcnirictilar cavity. This cavity is called the 
cerebral aqtieduci (aqueduct of Sylvius), and forms the connecting passage be- 
tween the third and fourth ventnclcs. 

The TEGMENTUM. — A layer of gray matter, containing numerous pigmented 
cells, separates the basis pedimcub from the dorsally placed tegmentum. The teg- 
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mentum is made up of mingled cells and fibers constituting the rctmdar forma- 
tion which is continuous with that of the medulla oblongata pig. loa). Soip 
of tiiese masses of cells in the tegmentum are sufficiently distinct to have indi- 
vidual names, but little is known of their individual functions. The most im- 
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portant are the dorsal and the ventral tegmental nuclei, the rcticulotcgmcntal 
nucleus, the superior central nucleus and the dorsal of the raphe. The 

dorsal tegmental and the reliailotegmental cell groups receive fibers from the 
mammillary bodies indicating a relation to olfactory centers. The rccticulospiual 
and rcticiilobulbar tracts are the principal efferent pathways. 

The red nucleus (ituclcus ruber) is the largest nuclear mass of the tegmentum. 
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The is a slinrt sctimcni citmicctiiiK the ixms aiul ccrcl)c![iim with the 

forc)>rain (I'ij;. 152). In the cnihryo the ncunil plate rolls into ti tul)C in this 
region. A.s dcvclojnneiu J^r<^grcs^es the floor of the luhc becomes thickened by 
development of miclcar nusses ami higrowth of nerve fthers until it is much 
thicker than the roof. In the roof or teclum mtelear masses also develope, form- 
ittR a qttadrtyomtuaf ffate, so eallefl from the two pairs of eminences seen from 
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Fic 152— Latfral View op Brain Stem. 

above. The ventral part of the midbrom is railed the cerebral j’efiimele. U is 
divided into the baiiJ /riitiitciffi, made up of descending fiber tracts, and the 
fc(?nienf»m which lies below the vcnlrictflar cavity. This cavity is called the 
cerebral aqitcducf (aqitcduct of Sylvtus), and forms the connecting passage be- 
tween the third and fourth ventricles. 

The TEGMENTUM. — A layer of gray matter, containing numerous pigmented 
cells, separates the basis pedunaili from the dorsally placed icgmeiftmii. The teg- 
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internal surface of the cerebral peduncle. The teticular zone is separated from 
the compact zone by a band of fibers, the vttermcdiate layer. Its cells lie along 
the cerebral peduncle, and are more or less intermingled with the fibers of the 
latter. 

The connections of the substantia nigra are not clearly understood in spite of 
much study. Ramon y Cajal describes collaterals to its nuclei from the motor 
fibers of the cerebral peduncle, i e., corttcouigral fbers Other investigators have 
described direct fibers from the cortex, and still others have denied any such 
connection Fibers from the medial lemniscus to these nuclei have also been 
claimed and denied. Nigrotectal fibers are recognized and mgrotegmental fibers 
are probably present. 

The tnlersiitial nucleus of Ramon y Cajal is made up of scattered cells near 
the rostral end of the red nucleus and extending back along the medial longi- 
tudinal bvmdle. Their axons enter the bundle. A ventral interstitial nucleus has 
also been described. 

The nucleus of the nicciial longitudinal bundle (nucleus of Darkscliczvitsch), 
also called the nucleus of the f’ostcrior comnusstirc, lies dorsal to the interstitial 
nucleus. Its axons have been described as entering the medial longitudinal bundle 
of the same and the opposite side, reaching the latter through the posterior 
commissure. 

The interpeduncular nucleus is one of the oldest, phylogenetically, in the verte- 
brate brain. It is an mtermediate nucleus between the visceral and somatic olfac- 
tory centers of the diencephalon and the tegmentum of the midbrain. It is 
described by Ramon y Cajal in mammals as an unpaired niass consisting of a 
superficial layer and a deep layer of cells. 

The cells of the outer layer vary in form, their dendrites being parallel to 
the brain surface. Their axons pass into the tegmentum. The deep layer is made 
up of small stellate cells and larger cells like those of the superficial layer. The 
axons of the small cells end in fine branches near the cell bodies (Golgi type II 
cells). The large cells send their axons into the tegmentum. 

The habcmdo/>rdiu5Cidfir tract (fasciculus retrofiexus of Mcyncrt) from the 
hahemilar nuclei, is the mam afferent tract. There is also a mamniillopeditnctilar 
tract In aniphibians the nervus terminalis appears to reach the interpeduncular 
nucleus 

The pedunnilotcgmcntal tract arises from this nucleus, passing to the dorsal 
tegmental nucleus. Impulses appear to be relayed through the medial longitudinal 
bundle to the motor nuclei of the midbrain and bulb. 

The QUABKIGILMIKAL PLATE (Fig. 153) is conncctca caudallj' to the cerebellum 
by the amerior medullary velum. This forms a thin roof of nervous substance 
above the rostral part of the fourth ventricle. The IVth nerve emerges from it 
The upper or amerior two quadrigeminal bodies are called the siiOcnor coWeuli 
They arc optic reflex centers, chiefly, and each receives a division, or so-called 
root, of the optic tract. The posterior quadrigeminal bodies or inferior collieuli 
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It is located medially about midway, in transverse sections (Fip. 156) between 
the basis pedmicnli atid the floor of the aquc<liict of Sylvius. It c.xtcnds rostrally 
into the ventral thalatmis and ciudally to (he fower level of the inferior collicvilus. 

Microscopically the red miclews consists of a group of large cells and a 
larger mtnibcr of small cells, the two groups being fairly distinct. The large 
cells send dendritic processes in all directions, chiefly within the nucleus, and 
their axons cross and form the rubros{*hia( tract. The small cells form ruhro- 
rclkular comtcciious, the intpulscs of whieft arc prolwbfy relayed through the 



Ftc. 154. — Cross Section or Midhrain at Level of Inferior Colliculus and Pons. 

reticulospinal and other reticular pathways. Rtibrolhahmtc fibers have also been 
described. 

The principal fibers to the red nucleus are those of the brachium conjunctivum, 
from the dentate, globose and enibolifomi nuclei of the cerebellum These fibers, 
with others, form a capsule medial to the nucleus. Most of the fibers of the 
brachium terminate within it, hut Allen lias clearly shown that a large number 
continue along its medial surface to end in the thalamus. Corlicoriibral fibers 
from the frontal lobe, thalamorubral and inccrtoriibral, slriornhral and iectoni- 
bral connections are also described 

The SUBSTANTIA NIGRA (Fig 156) IS made up of cells of various sizes, small, 
medium and large. Foix and Nicolesco divide the cell groups in man into a 
compact cone and a reticular cone, a division confirmed in carnivore^ by Rioch. 
The compact zone extends from the pons to the mammillary bodies along the 
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of the inferior colliculus, and (3) a thin deep tvhitc layer, separating the 
nucleus from the aqueduct. The cells of the nucleus are large multipolar 
neurons with radiating dendrites. Their axons pass partly into the capsular layer 
and partly into the deep white layer. Those reaching the capsular layer enter 
the brachium of the medial geniculate body and probably reach the nucleus 
of the structure. Those entering the deep white layer pass into the tegmentum 
of the same and the opposite sides and descend. A few fibers of the deep 
uhite layer reach the opposite side by crossing aliove the aqueduct. There are 
also commissural fibers between the tw’o nuclei. 

The inferior colliculus receives, as its chief incoming fibers, tiie lateral 
Iciuiiiscns from the cochlear nuclei, superior olive and trapezoid body of the 
same and the opposite sides It is the auditory reflex center. The lateral lemniscus 
fibers send branches to the medial geniculate body before entering the inferior 
colliculus In most submammalian forms there are only two eminences on the 
dorsal surface of the midbram. These correspond to the optic superior colliculi. 
In mammals, with their well developed, spirally wound cochlea, the inferior 
colliculi arc added. 

The cfTcrent paths consist of a tectospinal tract wbicn arises m part from 
the superior colliculus, a tccfoponlinc tract, medial and lateral tcctonigral tracts 
and a tcctohiilbar tract. 

The oculomotor or Illrd nucleus lies beneath the superior colliculus, ventral 
to the aqueduct of Sylvius and extends toward the third ventricle. The cells 
are arranged in groups variously described by different authors. In man 
Mmgazzmi divides the nucleus into paired anterior dorsal, anterior ventral, 
posterior dorsal, and posterior ventral subnuclei, in addition to a medial nucleus. 
The latter has been subdivided into a central nucleus of Perlia and a central 
caudal nucleus. 

The lateral nuclei are made up of large multipolar cells. The central nuclei 
have smaller cells, but all appear to give rise to somatic motor fibers which 
constitute the greater part of the Illrd nerve. The fibers pass through the 
tegmentum and red nucleus, many of them crossing, and emerge along the 
oculomotor sulcus on the anteromedial surface of the cerebral peduncle. 

The fibers to the individual eye-muscles have been plotted, most recently by 
Brouwer, who agrees in general wdth the earlier results of Bernheimer. Ac- 
cording to these results the main oculomotor nucleus supplies the muscles in 
order as follows, beginning rostrally: superior levator palpcbrae, superior rec- 
tus, internal rectus, inferior oblique and inferior rectus. The central nuclei 
are regarded as involved in convergence of the eyes. Bernheimer states that 
the fibers to the inferior rectus all decussate, most of those to the inferior 
oblique cross, those to the internal rectus are chiefly uncrossed, and those for 
the superior rectus and superior levator of the eyelid are entirely homolateral. 
In addition to motor fibers, the Illrd nerve contains proprioceptive fibers from 
neuromuscular and neurotendmous spindles in the eye muscles innervated by it. 
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receive fibers of tlie lateral lemniscus from tlic cochlear nuclei. They arc chiefly 
auditory reflex centers. 

The siif'crhr coUiatlus 153 awl 15$) consists of a number of layers 

dilTerinff in histological jiattcni. Ramon y Cajal gives five layers. Kappers, 
Tluher and Cro.sby list nine layers, which will he dc.scrihcd briefly: 

(t) The sut'crficial whUe layer (slraltiin soaale) is a thin layer of fine filjers 
entering from tlic brachiiim of the siii>crior colliculus. Among the fibers are 
scattered .small to medium sired tangeulMl cells. Some of the fibers enter the 
next la}'cr. 

(2) The sul'crficial gray layer (slratum griseinn supcrpciale) consists of 
nnmernus nerve cells of varying sire. Small cells He in the upper part of the 
la\or, larger cells in the deeper part. All .send their dendrites toward the super- 
ficial layer. Optic fibers from the third or optic layer end in relation to these 
cells. 

f3) Tfic optic layer (stratum opiicum) consists of a few cells and many 
fillers, the latter heing optic tract fibers which enter through the superior 
hrachium, 

(4) The middle gray layer (slraliitn griseuw mediale) consist.^ of cells whose 
axons form tlie fountain decussation of Pore! and descend as the tectospinal 
tract. 

(5) The middle while layer (straliiw alimm mediale) is made up in part 
of axons from the fourth layer, awl in jKirt, of entering fibers from the spino- 
tectal tract. 

(C) The deep gray layer (sfratiim griseum proftiudum) contains many cells 
of large size. Some of the axons pass into the tegmentum of the same side, 
others cross and roach the medulla oblongata and cord. 

(7) Tbc deep while layer (stratum afOiim profuiidiim) is made up of fibers 
from the above described cells. 

(8) The pcriz’cutricular gray layer (slratum griseum pcrivcutriculare) and 

(9) The pcriveiUrieidar white layer (slratum album periveitiriculare) are 
intermingled. The fibers arc largely lectolmlhar and tectospinal. 

The superior colliculus is regarded as entirely a reflex and correlation center 
for optic and tactile impulses No fillers reach the cerebral cortex from this 
region but fibers from the occipital lolie reach the superior colliculus through 
the optic radiation. 

The chief connections may be summarized as follows: afferent fibers, (i) 
through the optic tract from the retina; (2) through spinotectal tract from tlie 
cord; (3) through optic radiation and superior brachium from the occipital 
lobe; efferent fibers, (i) through tectospinal tract;. (2) through tectobulbar 
tract; (3) through tectopontile fibers; (4) collaterals from; (i) and (2) to 
the reticular formation and the red nucleus. 

The inferior colliculus (Figs 153 and 154) microscopically shows- (i) a 
superficial capsule of myelinated fibers; (2) a large mass of cells, the wicletis 
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The central gray matter of the aqueduct is continuous with the gray matter 
of the fourth ventricle. In the midbrain it is 2 to 3 mm, thick. The part dorsal 
to the aqueduct has numerous small nerve cells. Larger cells continue upward 
from the locus cacruleus of the fourth ventricle In the opossum these are 
obviously mesencephalic Vth cells, a chain of which continues from the mesen- 
cephalic Vth nucleus of the midbrain to the point of emergence of the Yth 
roots In man there are also groups of cells connected with the Illrd and IVth 
roots The fibers of the central gray form a fine network and just beneath the 
ependyma numerous fine, longitudinal fibers are present. 

Df.cussations in the Midbrain. — In addition to the decussations of the 
Illrd and I\’th nerves tliere is the ventral tegmental decussation or dccussa- 



Fic ISO.— Cross Stcriov Throoch the Rostral Part of the Midbrain, 
AND THE Medial Geniculate Cooifs. 


tion of Ford, made up of fibers from the red nuclei which descend, after 
crossing, as the rubrospinal tract. The dorsal tegmental decussation is made 
up of fibers from the superior colliculi which descend, after crossing, as the 
tectobulbar and tectospinal tracts. The dccussahon of the brachium conjunc- 
tk’um forms a large mass of fibers crossing the midplane below the inferior 
colliculus. The superior and inferior colliculi are also joined across the midplane 
to their fellows by commissural fibers. 

The BASIS PEDL-XCULI (Figs. 155 and 156) is composed of the great mass of 
descending fibers from the cerebral cortex to the pons, bulb and cord. These 
fibers emerge from the internal capsule of the forebrain and continue over the 
anterior surface of the substantia nigra. They form bilateral masses which con- 
verge toward the pons and pass beneath the masses of pontile fibers. 
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The nucleus of ndiugcr-U'estf^hal (Fig. 153) lies rostral to the main ociilo- 
rnotor nticictis, near the niKiplanc. It consists of a vertically arranged medial 
mass and a horizontally spread lateral mass*of cells. The cells arc small and 
give rise to small myelinated preganglionic fibers which emerge with the Illrd 
nerve to reach the ciliary ganglion. Postganglionic fibers from this ganglion 
reach the ciliary mnsclc of the c>c and the constrictor fillers of the iris. 

The nncleus of hhlinger-Westpha! is iiichuled in the visceral efTcrent group. 
It rcccii^cs fibers from the pretectal region which have to do ivith light reflexes 
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of the eye. Stinuih from this miclciis produce contraction of the pupil an 
accommodation of vision on the same side. 

The trochlear or IVth nucleus (Fig. 153) consists of large multipolar celh 
which form a group in the gray layer anterior to the aqueduct, at the level 0 
the inferior colliculus. Fibers from these cells pass somewhat caudally aroun 
the central gray and decussate in the anterior medullary velum. It is iisuall) 
stated that decussation is complete, but Van Gehuchten describes a few fibers 
as not crossing The nerve emerges from the roof of the anterior velum an 
reaches the superior oblique mtiscle. In addition to motor fibers there are 
proprioceptor fibers to neuromuscular spindles in this muscle. In the rabbit 
Weinberg found cells of the mesencephalic Vth type among the motor cells o 
the IVth nucleus. 
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the Illrd nerve roots on the side of the lesion. The loss of sensation on the 
opposite side is due to involvement of the medial, spinal and trigeminal lem- 
niscus systems above their levels of decussation. The muscular effects in the 
extremities are due to involvement of the red nucleus. 
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In transverse section the basis pcilunculi is somcwluat crescentic in outline. 
Fiber bundles from various parts of the cortex occupy distinct positions. The 
fibers from the cortex to the mctiulta obiongala arc divided into a medial 
corticobulbar tract, located at the medial margin of the crescent, and a lateral 
corticobiilbar tract, located in the deep |iortion of the lateral ^lart of the pedun- 
cular base. The tctiif>orol>(iittilc tract, from tlie tcm|>oral lobe, occupies the 
latcralinost portion, and the corlieosf<inol tract occnjiics the middle three-fifths 
of the peduncle. The franlof'OittUe tract, from the frontal lobe to the pons, 
occupies the ventral metHal part of tlic jicduncle. 

In addition to the large bundles namtYl there are several aberrant tracts 
regarding tvlnch there is much confusion. The lateral pontine bundle of Mar- 
burg lias been variously rcgardeil as an alicrrant pyramidal bundle, as part 
of an extrapynunidal system, etc. Inclndctl in the |x:s jicdunculi, fibers from 
the globus pallidus to the subsiaiUta nigra {paUulonigral tract) and also pallldo- 
teyinenlal fillers have been dcscril>c<l. 

In addition to the basis pctlimcidi, other fiber systems pass through the 
midhrain. The largest of lllc.^c is the mctUal Jemnisetts from the bulb to the 
thalamus. The lateral Icniniscfts, from the cochlear centers of the bulb, partly 
entls m the inferior colliculus, but in |xirt (lasscs on to the medial geniculate 
body of the thalamus. In connection with the upper part of the hulbothalanilc 
tract arc found the spinothalamic tracts and central sensory \'th tract. Tbalamo- 
oliitiry fibers descend dorsomedially to the red nucleus, and the median lougi- 
'tiulinal bundle lies below the central gray matter near the midplane. 


CLINICAL INTERPRETATION 


so.Mn LcsioNS or the mjdcicain 

Cerebral Peduncle Svndrome (Weber’s Syndrome). — ^L esions in the 
lower and internal side of the cerebral peduncle may produce external deviation 
of one eye, with drooping of the eyelid (plObis), loss of accommodation and of 
the light reflex ; spastic paralysis of the extremities of the opposite side ; facial 
and hypoglossal paralysis of the opposite side. The ocular sjTnptoms are due 
to involvement of the roots of the Illrd nerve on the side of the lesion. The 
paralysis of the extremities, facial muscles and tongue is due to involvement o 
the corticospinal and corticobulbar fibers above their level of decussation. 

Alternating Paralysis op the IIIrd Nerve, with Sensory Paiulysis 
AND Muscular Tremor (Benedikt’s Syndrome). — ^L esions of the midbrain 
may involve one side of the tegmentum in such a manner as to produce externa 
deviation of one eye, with ptosis, double vision, loss of accommodation and light 
reflexes, loss of cutaneous sensibility of body and face on the opposite side, 
tremor and irregular, spasmodic involuntary movements of the limbs of the 
opposite side (hemichorea). The ocular symptoms are due to involvement o 
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thalamus and cerebral hemispheres. The structures developed from the visceral 
sensory region become the hj’pothalamus. It contains olfactory and gustatory 
centers and centers of correlation of visceral impulses It is also intimately con- 
nected structurally and functionally with the hypophysis, one of the most 
important of the glands of internal secretion. 

epithalamus 

The epithalamus includes the habenular irtgonc, the mcdid/an' stria of the 
thalamus, the posterior commissure, and the puical body. It forms the dorsal- 
most part of the diencephalon. 

The HABENULAR TRIGONE is a depressed triangular area rostral to the superior 
colliculus It contains a medial and a lateral habenular nucleus on cacU side, 
the two together forming a fusiform mass. The size of the habenulae is in 
proportion to the degree of development of the olfactory apparatus in various 
animals, being larger in macrosmatic animals. They are connected by the 
habenular commissure. 

The medullary stria is made up of fibers from various olfactory centers, 
including the cortex of the hippocampus. These all reach the habenular nuclei 
It also contains fibers to and from the tectum of the midbrain. Some of the 
fibers of the stria cross in the posterior commissure to the contralateral nuclei. 

The habenulo-inlcrpcditncttlar tract or the fasciculus rctrofle.vus of Mcynert 
constitutes the principal outgoing connection of the habenulae. It arises chiefly 
from the medial nucleus and passes to the interpeduncular nucleus. 

The habenular region is the diencephalic center for somatic olfactory stimuli 
Here such impulses are correlated with other somatic sensory stimuli, especially 
those relayed from the tcctal region. 

The PINEAL BODY Or EPiPliYSiS is considered by many students of the brain 
as a vestigial organ related to the parietal eye of lower vertebrates. Others 
regard it as a gland of internal secretion. Experimental studies have given con- 
tradictory results. 

In man the pineal body is a cone-shaped structure 5 to 8 mm. long and 
about 4 mm. in diameter. It lies in the hollow between the superior colliculi, 
and under the splenium of the corpus callosum. It is separated from the latter 
by the tela chorioidea of the third ventricle. It is attached by a stalk which 
divides into a dorsal and a ventral layer. The dorsal lamina is continuous with 
the habenular commissure. The ventral lamina is continuous with the posterior 
commissure Between the two lies the pineal recess of the third ventricle, lined 
nnh ependyma. 

Embrjologically the cpiphjsis is an ependymal outgrowth from the roof of 
the betweenbrain. The cells at the apex proliferate and differentiate into 
neuroglia and parenchyma The parcnchj-ma cells become arranged into cord- 
like lobules. They develop numerous processes which either are lost in the 



CHAPTER 17 

THE DIENCEPIIALOS 

The (Heiicephnlon or hclwcenliram is foniicd by the constriction of tlie fore- 
hrain vc^^cle into two secotidarj’ siilKlivisions. It lies l^etwccn the telencephalon 
and the mtdlirain. In the adult stage (Fig. 157) I'l includes (i) the epithalamus 
(pineal body, hahemilac, medullary striae of the thalamus, and posterior com- 
missure) ; (2) the thalamus (dorsal tlialamus, metlial and lateral geniculate 
bodies) ; (3) tlie zvufral thalamus or sithlhatamiis; (4) the hypothalamus 
(tuber cincreum. mammillary IxxUcs, and posterior lo1>c of li>-j>ophysis). 

Its cavity, the third zviUricle, cxtcn<ls forward somewhat into the telen- 
cephalon, hut the greater part is a vertical cleft Ixiiwccn the two halves of the 
dicncephalon. The ventricle is covered above by a layer of epend^ana attached 
to the taenia thalami on each side. AI)Ovc the cjicndyma lies a layer of pia 
mater, the tela ehorioidea. from which vascular folds c.xtcnd into the ventricle 
as its chorioid plexus. Kostrally the ventricle is bounded by the lamina termwalis 
which, morphologically, is the anterior end of the forebrain vesicle. It forms 
a thin plate from the optic cbiasma to the anterior commissure. Alwve the 
commissure it is cotniuuous with the rostrum of the corpus callosum. Between 
the lamina terminahs and the optic chiasma there is a ventral pocket of the 
ventricle known as the optic recess. 

The floor of the ventricle is formed by the optic chiasma, the infiindibuhim, 
the sitblhalamus and the tnamuullary bodies. The lateral ^\’a^s, from below 
upwards, arc formed hy hypothalamus, sublhalamus and thalamus, together 
constituting the medial surface of the entire dicncephalon. Near the rostral end 
the ventricle opens on each side into the lateral \’entricles The communications 
are known as the iiitenviilncular foramina or foramiiio of Monro. Caudally 
the third ventricle continues into the cerebral aqueduct. 

The rostral tcmmius of the sulcus limitans, which divides the basal or motor 
plate of the neural tube from the alar or sensory plate, has an important bear- 
ing on interpretation of diencephalic structures. According to Kingsbury and 
Johnston the limiting sulcus ends at the mammillary recess. The basal plate 
therefore terminates at tins point also, if this interpretation be accepted. The 
alar plate extends around the mammillary recess and gives rise to all the struc- 
tures derived from the forebrain vesicle. These all would be continuations of 
the sensory column, the motor column ending at the mammillary recess. 

The ventral, visceral sensory portion extends to a point just rostral to the 
infundibular recess. The more dorsal, somatic sensory structures include the 
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Nageotte as secretory granules. After the age of puberty deposits of calcium 
salts are common in, the epiphysis, usually in the neuroglia cells. According 
to Bailey such deposits are rare before the age of fourteen. The supposed 
function of the pineal body as an organ of internal secretion has been studied 
by various investigators, but with inconclusive results. It has been thought by 
some to be related to the onset of puberty. 


Anterior nuciciis-.. 
Lateral nucleus 
Caudate nucleus^,,.'''^ 
5Cria termir\a.lis ■ / 
oF thalaTnus.^,.. / 
Media,! 1 

nucleus — 

( Thalamus 

Mzntral nucleus 
fbslenor nucleus 
Superior 

colliculus -'-Ij ' f 
Pulvinar- 
Oculomotor “t 
nerve « 

[Trochlear^' 

I nerve 
Motor, 
oF 

nerve-'y >' 

racial colliculus'-^-^ 
Locus caeruleus-^" 

Sulcus limitans 

Acoustic Striae—... 
racial nerve- — 

Intermcdiare^'^ '^~y' 
nerve oF / (J /. 
Wrisberg'' / (] 
Acoustic nerve'^ 
Tubercinereum — - " 

Funiculus qracilis 

Funiculus cuneatus — 


-nicar^ ^ --s 

or, root tT 




, Medial 
^ qeniculatc 
^ body 
V Lateral 
' /geniculate 
'v body 

Inferior 

^ cof i 1 c ai U5 

' /^Op^thalmiCj 
•— Mamllary 

'Vv ^ — ■“■MandibularJ 
— -Superior ce rebel lar 
‘ peduncle 

Vv Middle cerebellar 

peduncle 

;?-®T'lnFerior cerebellar 
~ J' peduncle 
Glossopharyngeal 
nerve 

Vagus nerve 
'spinal accessory nerve 
/ yy^.'^CIava 

/ Xuneate tubercle 


Fic 158 — Dorsal View of Brain Stem. 


THE THALAMUS 

The human thalamus (Figs 158 and 159) is a complex mass of nuclei and 
filuous connect, ons. Before describing it a brief account of the fundamental 
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"lienor of tlie loliiilc or cnil in liiillion, Milarjifmcnls near Ik- crinncclivc lismc 
srpta. riic- _cyto|i1.isi" is rel.ihvciy .small in anmnnl, I!io ,|c| Ilortcca ilcscriW 
Krannles in llicsc cells ivliicli lie coinsiilcral as secretory. Some of llic cells arc 



From Jackson-Morris. Human jUiatomy, P. Blakislon’s Son & Co, Philadelphia, I9d3. 
after Landois and Stirling:. 


pale and some stain deeply by Hortega's special methods. The nuclei of all 
the cell types are pale. 

The neuroglia cells are numerous near the jicdtmcles and pineal recess. They 
are scattered through the parcnch>'ma and are distinguished from the paren- 
chyma cells by their smaller and darker nuclei and their generally fibrous proc- 
esses. The neuroglia cells contain numerous gliosomcs which are regarded by 
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jintlcrn as it exists in tjro<leles will 1)C given. Herrick divides tlic thalamus in 
Necturus, into dorsal and vntiral |»arts, !lic ventral k-ing tlie larger. In its 
snhscqncnt evolutionary development the dorsal thalamus has expanded into 
many sensory nuclei and the ventral tlialanuis lias kconic reduced to the 
suhlhalamtis of mammals which is a motor corinlinating center. 

In urodcles the dorsal Ihalawus is a primitive somatic sensor}’ correlation 
center. It receives (i) ojitic fdicrs from the retina; (2) cutaneous sense and 
Iiroprioceptivc fillers from the medulla oblongata and cord; (3) some olfactory 
fibers from the stria medullaris; and (4) filters from the tectum of the mid- 
brain. The latter carry impulses already intcgratcti from tactile, proprioceptive, 
visual and cochlear stimuli wliich reach the midbmin directly. 

In higher vertebrates the dorsal thalamus becomes difFcrcntiatcd into distinct 
nuclear masses, some of these, c.g., the lateral and medial geniculate bodies, 
receiving direct stimuli from the end organ (retina) or from the primary center. 
Others recci\’c stimuli already integrated. 

The vctilral thalamus in urodcles is a somatic motor adjustor apparatus re- 
ceiving somatic sensory impulses of all sorts from higher centers of correlation. 
Its efferent impulses arc regarded as concerned with mass movements and total 
reactions of the body. 

Tlt.MjVMIC NUCLHI 

The thalamic uticlci in man may lie divided hno three groups, namely, (i) 
uttelci xinlh subcortical coiutccltons, i.c., the nuclei of the midliiic, the vilralaininar 
nuclei, the ceniromediau nucleus of Lnys, and the anterior tvniral nttelctts; 
(2) cortical relay nuclei, including the lateral ventral, posterior ventral and the 
anterior nuclei, together with the geniculate bodies; (3) association nuclei, in- 
cluding tbe dorsomcdial, posterior lateral and dorsal lateral nuclei, and the 
pulvinar. 

Nuclci or pALHOTiiALAStus. — ^Tlic first group has no connections wth the 
cerebral corte.x The nuclei of the uudlinc arc designated the paleolhalamus. 
Their connections arc with the siijira-optic nuclci of the hypothalamus and the 
pretectal nuclci. Their functions arc prolmbly visceral. The intralannnar and the 
ccnlroniedian nuclci are regarded as concerned with intrathalaniic assoaations, 
but the centromedian nucleus has connections wnth the globus jiallidus. The ante- 
rior ventral nucleus is not affected by remox’al of the cerebral cortex but its 
connections and function are unknown. 

The CORTICAL RELAY NUCLEI, save the anterior, receive the ascending sensory 
fibers of the spinal, medial, lateral and trigeminal lemniscus systems and of the 
optic tracts. Together with the association nuclei they constitute the neolhalanius. 
The ascending somatic sensory fibers, including general cutaneous and deep 
sensibility (pain, temperature, touch, pressure, proprioceptive sense, etc.) are 
called collectively the somaesfhelic group 

The anterior nuclei, consisting of dorsal anterior, ventral anterior and medial 
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Fjc. j6o — Coronal Sfction of Cpbfbral Hemisphere tiiboucii Diencfpiialon at 
Levfl or Mammillary Bodifs. 

From Tohit, Alias of yimtomy. The Macmillan Co, New York, 1926. 



A TF.XTDOOIC OF NFUIIO-AN ATOMY AND THE SENSE ORGANS 

aulcrior, receive fibers from the mammillary bodies through the bundle of Vic 
d’Aryr. They give rise to projection fillers to the cortex of the base nf the frontal 
lobe and of the gyrus cinguli. They arc functionally related to the olfactory 
sysiem. 

The lateral ventral utielciis receives most of tlic thalamic fibers of the brachium 
conjunctivum. These have their origin in the dentate mtclctis of the cerebellum. 
Projection fibers reach the lateral frontal lol)c, save the area of the arcuate 
sulcus. They relay unconscious proprioceptive impulses from the cerebellum to 
the motor areas of the cortex. Experimental lesions in parts of the frontal lobe 
(areas 4 and 6) of monkeys, to which those fibers project, were followed by 
delayed reaction, or complete loss of reaction when the affected Hmhs, paralyzed 
hy the lesions, were placed in abnormal jiositions. According to Dusser de 
Parenne there is a tojiographical representation, in the nucleus, of the cortical 
areas of foot, arm and face. Ix*sions of the motor face area prmluccd degenera- 
tion in the nicdial region of the miclcns, while Ic.sions of arm and foot areas 
produced degeneration in the intermediate and lateral part.s, respectively, of the 
nucleus. 

The posterior ventral nuelens receives the spinothalamic, trigeminal and 
medial lemniscus systems. Projection fihcrs i>ass from it to the primar)’ somatic 
sensory cortex found chiefly in the postcentral gyms. The trigeminal lemniscus 
ends in the medial part of the nucleus. From tins region projection fibers pass 
to the region of the operculum, forming the sensory cortical area for the face. 
The intermediate part of the nucleus sends projection fillers to the sensor)* arm 
and trunk areas of the cortex, while the latcralmost part projects to the leg area. 
The rostral part of the nucleus sends its fillers to the deep part of the fissure of 
Rolando, and the more posterior part sends fdiers to the surface of the post- 
central gyrus. 

The medial geniculate body is an expansion of the region of the dorsal 
thalamus which receives the lateral Icmnisais. Malone describes a dorsal and a 
ventral nucleus in man. In addition to the lateral lemniscus the medial geniculate 
body receives fibers from the inferior colliculus through the brachium of tins 
colliculus. Its chief efferent fihcrs take their course from the auditory radiations 
to the superior temporal g>TUs. reacliing the cortex through that part of the 
posterior limb of the internal capsule which passes beneath the lenticular nucleus. 
The medial geniculate bodies of the two sides are connected together by the 
commissure of Gudclen. This is a bundle of fibers which arches ventrally m 
association with the optic tract on each side and crosses the midplane in the 
posterior part of tiie optic chiasma. Gudden’s commissure, as it separates from 
the optic tract to enter the medial geniculate body, forms the so-called medial, 
root of the optic tract. 

The lateral geniculate body is the primary optic center of the tlialamus, 
receiving fibers directly from the retina. According to von Monakow 80 per 
cent of the retinal fibers terminate in the center. It is made up of six layers of 
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anicrior, receive fibers from llic mammillary bodies througb the bundle of Vic 
d’A7>T. They give rise to projection fibers to the cortex of the base of the frontal 
lobe and of the gyrus cinguli. They arc functionally related to the olfactory 
system. 

The klrra! veutrai uuchiis reetdves most o( the tli.al.amic fthers of the hracliitim 
conjunctivum. These have their origin in the dentate nucleus of the cerebellum. 
Projection fibers reach the lateral frontal lohe, save the area of the arcuate 
sulcus. They relay unconscious proprioceptive impulses from the ccrchcllum to 
the motor areas of the cortex. Kxfierimcnlal lesions in parts of the frontal lobe 
(areas 4 and 0) of monkeys, to whicli these fibers project, were followed by 
delayed reaction, or complete loss of reaction when the afTcctcd limbs, paraly2cd 
by the lesions, were placed in ahnonivtl positinna. According to Dosser de 
nareiinc there is a topographical representation, in the nucleus, of the cortical 
areas of foot, arm and face. r.estons of the motor face area produced degenera- 
tion in the medial region of the nucleus, while legions of arm anti foot areas 
produced degeneration in the intcrinediatc and lateral parts, respectively, of the 
nucleus. 

The posterior vculral nucleus receives the spinothalamic, trigeminal and 
mctlia) lemniscus systems, rrojeciion fillers jnss from it to the primary somatic 
sensory cortex found chiefly in the postcentral gyrus. The trigeminal lemniscus 
ends in the medial part of the nucleus. From tin's region projection fibers pass 
to the region of the operculum, forming the sensory cortical area for the face. 
The intermediate part of the nucleus sends projection fillers to the sensory arm 
and trunk areas of the cortex, while the latcralmosl part projects to the leg area. 
The rostral part of tlic nucleus sends its fibers to the deep part of the fissure of 
Rolando, and the more posterior part sends fibers to the surface of the post- 
central gyrus. 

TJie medial geiiieiilale body is an expansion of the region of tlic dorsal 
thalamus which receives the lateral Icmnisais. Malone dcscrilies a dorsal and a 
ventral nucleus in man. In addition to the lateral leriiniscirs the medial geniculate 
liody receives fibers from the inferior colliculus through the brachlum of this 
coiriculus. Its chief efferent fibers take their course from the auditory radiations 
to the superior temporal gyrus, reaching the corte-x through that part of the 
posterior limb of the internal capsule which passes beneath the lenticular nucleus. 
The medial geniculate bodies of the two sides are connected together by the 
commissure of Gudden. This is a bundle of fibers which arches ventrally m 
association with the optic tract on each side and crosses the midplane in the 
posterior part of the optic chiasma. Gudden's commissure, as it separates from 
the optic tract to enter the medial geniculate body, forms the so-called medial, 
root of the optic tract. 

The lateral gemculatc body is the primary optic center of the thalamus, 
receiving fibers directly from the retina. According to vou Monakow 80 per 
cent of the retinal fibers terminate in the center. It is made up of six layers of 
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cells with fiber layers between. Minkowski {lointcd out tliat crossed and un- 
crossed retinal fillers enter altcniate layers. This lias been confirmed in man by 
MncKenzic. In lower jirimates a hrRc miclciis which can be difTercntialcd into 
f/orsnl an<l vnilral jiortions has liccn dcscrilicd. The tlnrsal nucleus is the chief 
terminus and relay station for tlie optic fillers. In man this nucleus is well 
difTcrentiated. but a ventral part has not been rccoKnlrciI. 

Projcclion of the Retina . — Studies by means of lesions in the retina have 
shown that there arc definite rones In the lateral j,'cniculalc body receiving fibers 
from specific jiarts of tlic retina. Rromver and Zeeman found, in monkeys, that 
“the dorsal half of the peripheral retina is projected medially in the external 
geniculate body and the lower half hierally.” They further concluded, from 
their comparative studies on rahliits, cals and monkeys, that the greater part of 
the dorsal nucleus is concerned with binocular vision. Fibers from tlie macula 
reacli the central portion of the dor.sal nncleiis. Macular fibers and fibers from 
the periphery of the retina overlap in the ventral jiart of the nucleus, but else- 
where the peripheral fibers arc distinct, in their distribution, from the maailar 
fibers. In man the centers for nwciilar vision and periplieral retinal localization, 
ns described by Roune, agree in general with the rc.sults above dcscrilied. 
IJenschen describes a sharper localiration of retinal Areas in the lateral genicu- 
late nucletjs than is indicated by the results of Rrouwer and Zeeman. 

In addition to the optic tract the lateral geniculate Imdy receives fibers from 
the pulvinar and from the superior colHcnlns. It gives ofT the optic radiations 
to the occipital lohe. fillers to the superior colliculus through the hraclnum of 
the lateral geniculate hody, and fillers to ncighliorlng nuclei. 

The ASSOCIATION* NUCLHi do not reccii'e fillers from the ascending tracts but 
have connections with the nuclei which receive these fibers, on the one h.ind, 
and with the cerebral cortex on the other. Their projection fibers pass to the 
association areas of the cortex, however, in contrast to the cortical fibers of the 
relay nuclei which end in cortical projection areas. 

The medial dorsal uiiclciis is connected with the lateral thalamic nuclei. It has 
a large celled portion, connecteil with Iij potlialanu’c nuclei and a small celled 
portion connected with the prefrontal association area of the cortex. Experi- 
mental evidence suggests that this nucleus pla>s a part in association of sensory 
data from the other nuclei of the thalamus and possibly from the h}’pothalamus. 

The lateral posterior mtcleits is closely connected with the ventral posterior 
nucleus, probably serving as a relay station as well ns an association center for 
the ventral posterior nucleus. Le Gros Clark regards it as a nucleus concerned 
with the integration of incoming sensory impulses and with transmitting the 
partially integrated impulses to the cerebral cortex. Its efferent fibers end in the 
parietal lobe, save the postcentral gyrus. 

The pulvinar is an outgrowth of the lateral posterior nucleus which has 
appeared late in evolutionary development. It consists of lateral, medial and 
inferior divisions. It has connections \vith the posterior ventral nucleus, in which 
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The fields f/i aud H2 of Ford, better called the rclicidar subthalamic itucici 
of Papez and Rioch, are mixed white and gray substance. The main fiber bundles 
are the continuation of part of the brachium conjunctivum beyond the red 
nucleus to its destination m the thalamus. There is also the lenticular bundle 
of Forel. According to Kappers, Huber and Crosb)', the main nuclei of the 
subthalamus chiefly are way stations interposed in the course of the ansa lentic- 
ularis for discharge of impulses from the corpus striatum to the lower centers. 
It is regarded as part of the somatic coordinating system and as forming the 
main path for discharge of the corpus striatum. 


THE HYPOTHALAMUS 

The hvpothalamus is the ventral subdivision of the betweenbrain (Figs. 162 
and 163). It includes the optic cliiastita, the infundibulum, the hypophysis, the 



Fic 162 Transverse Section tiiroucii Thalamus and Hypothalamus 

tuber ciiicrcum and the juamnnllary bodies. These structures form the greater 
part of the floor of the third ventricle. 

The oftic chmsma is formed chiefly of the optic fibers, part of which decussate. 
There IS included also the commissure of Gudden between the medial geniculate 
bodies. Rostral to the cliiasma, liing between it and the lamina terminalis there 
IS a freofhe recess whose lateral and rostral boundaries belong to the’telcn- 
cephalon. 

The tuber atiercum is a rounded eminence of gray substance between the optic 
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end the lemniscus systems, hut connections witli the geniculate bodies and the 
colliculi have not been established. The inferior iwrl sends fibers to the cortex 
of the occipital lobe and receives fillers from this part of the cortex. The medial 
part projects to the region of the auditory cortex. Hrouwer considers the 
pulvinar ns a center for controlling movanents of tlie eye muscles and liaving 
to do with recognition of relative and absolute distance, and with stereoscopic 
vision. I'ulton helieves it has a jiart in visual and auditory integrations. 

Cortiro/Iialnniic Fibers. — Various |>arts of the tlialamus receive projection 
fdiers from tlie cortex. Ilrouwer (1932) Ins suggested that through these con- 
tieclious the cortex may hriiig about a “sensory' attention’' to incoming impulses 
to the thalamic nuclei. Such corticntludamic fibers Iiave liccn described as fol- 
lows: (t) from the striate area of the occipital lobe to the lateral geniculate 
body ; (2) from the amlltory cortex of the temporal lolie to the medial geniculate 
body; (3) from the parietal lolie to the lateral nucleus; (4) from the precentral 
gyrus (area 4) to the anterior part of the lateral and ventral nuclei; (5) from 
area 19 to the pulvinar, and to the lateral and ventral nuclei of the tliala- 
mus ; (6) from a small area of (be cortex nt front of the motor face area (frontal 
eye fields) and the prefrontal cortex to the dorsomedial nucleus. It will be noted 
that, in general, llicse fillers |»ass from the region of cortex to wliicb a given 
tlialamic nucleus projects its fibers. Kick into that nucleus. An interplay of im- 
pulses between cortex and nuclei Is made possible by this arrangement. 

SUBTHALAMUS 

The subthahmus or ventral thalamus lies ventral to the medial sulais of the 
diencepbalon, Kappers, Huber and Crosby describe it as the forward continua- 
tion of the midbrain tegmentum. It consists of several nuclei and numerous 
fibers. 

The subthalamic ixuelcus or body of Luys lies just rostral to the substantia 
nigra, above the cerebral peduncle. Its chief connections are with the corpus 
striatum by a striosubtbalamic bundle, and with the contralateral red nucleus 
Tbalamosubthalamic fibers and corticosubthalamic fibers are also described. 
Efferent fibers constitute a subthalamonigral tract. 

The eulo peduncular nucleus is placed in the course of the ansa lenticularis. a 
fiber bundle between the pes pedunculi and the lend form nucleus. The cells, 
which resemble those of the globus pallidus save that they are smaller, are 
described as surrounded by pericellular baskets from fibers of the ansa. They 
are of motor type. 

The cova incerta lies between (he peduncle and the subthalamic nucleus. It 
receives fibers from the ansa lenticularis. There are connections with the lateral 
geniculate body and with the nucleus ruber. This region is regarded as a zone 
through which fibers pass from higher to lower centers, and as a relay station 
in the path of the ansa lenticularis. 
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The fields and Hz of Ford, better called the retkwlar itibfholamic nuclei 
of Papez and Rioch, are mixed white and gray substance. The main fiber bundles 
are the continuation of part of the brachium conjunctivum beyond the red 
nucleus to its destination in the thalamus. There is also the lenticular bundle 
of Rorel. According to Kappers, Huber and Crosby, the main nuclei of the 
subthalamus chiefly are way stations interposed in the course of the ansa lentic- 
ulans for discharge of impulses from the corpus striatum to the lower centers. 
It is regarded as part of the somatic coordinating system and as forming the 
mam path for discharge of the corpus striatum. 


THE HYPOTHALAMUS 

The hy^oflialawiis is the ventral subdivision of the betweenbram (Figs. 162 
and 163). It includes the optic chiasma, the utfttudibuliim, the hypophysis, the 



Fig. 162— Tpansn'erse StenoH through Thalamus and Hypothalamus 

tuber ciucrcum and the viatmntllary bodies. These structures form the greater 
part of the floor of the tiiird ventricle. 

The oflic cliiasiiio is lorraed chiefly ol the optic fihers, part of which decussate. 
There IS included also the commissure of Gudden between the medial geniculate 
bodies. Rostral to the chiasma, lying between it and the lamina terminali.s, there 
IS a freoptu mess whose lateral and rostral boundaries belong to the tclen- 
ccphalon. 

The tuber cmereum is a rounded eminence of gray substance between the optic 
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cliiasma nnd the ni.'iiniiiillnry IkkHcs. It continues on each side to the anterior 
perforated suhstance, and rostrally to the lamina tcrminalis. 

The iH/tnidihnhun is a funneli-likt 
process from tlic ttiher cincrciim which 
projects downward and somewhat ros- 
iTatty to the hypophysis. It is continuous 
with tlic posterior lobe of this organ, 
forming its stalk. 

Tlve hyf'opUysh is a gland of internal 
secretion having a double origin embrj’o* 
logically. The anterior lobe is derived 
from Rathke’s pocket of the phaT>'ngeal 
cavity. Tlic jxJstcnor lobe is derived from 
the floor of the third ventricle. 

The MiatjmiiYfnry bodies are two eleva- 
tions, one on each side of the midline, 
just rostral to the posterior perforated 
sultetancc. Externally they arc white be- 
cause of a capsule of m)clinated fibers. 
Internally each shows a lateral and a 
tiicifiaf nucleus. The mammillary bodies 
receive the numerous fibers of the foniiv 
which connects them to olfactory centers. 
They give rise to the mammillolhalauuc 
tract or butidle of Vicq d’Asyr. 

tlYPOTIIALAMlC NUCLEI 

The human luTiothalamus is divided 
into four regions, according to Le Gros 
Qark, each with its grovip of nuclei, 
totaling 15 to 20 in number. Tlie four 
regions or areas are more marked in the 
(our months’ foetus, but are recogniz- 
able in the adult. Above and rostral to 
the optic chiasma lies the supra-optic 
fart, behind the chiasma is the iiiftindib- 
tilar part, more caudally lies the retro- 
i»fu»dibular part, and the caudal ex- 
tremity of the hypothalamus is formed 
by the vtammillary part. 

The pars sitpra-opfiais contains the 
paraventricular and the supra-optic nucleus. The paraventricular nucleus con- 
sists of large, closely packed cells. It extends rostrally to the anterior commissure, 
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Nuclei and Some Connections. 
Alter Le Oatlc and Beattie, ‘Brow 
and hortg. 
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above to tlw rostral extremity of the hypothalamic sulcus, and below to a point 
3 mm. above the optic chiasma. It is a large, flattened group of cells lying close to 
the ventricular lining. The siil'rs-oj’llc nucleus is made up of closely packed cells 
extending from the lateral margin of the optic chiasma toward the mammillary 
body. It shows two groups of cells, the latcroiorsal and ventromedial sufra-optk 
micln of Gagel. The supra-optic nucleus is connected with the paraventricular 
by a chain of small cell groups and by a fiber tract (Greving). Colloidal cell 
inclusions have been reported by Scharrer in this and the paraventricular nucleus, 
which he regards as evidence of secretory activity by the cells. In lower verte- 



Fic 164 — Transvessf. Section through Thalamus ano Caupal Part of SrRrATE Body 

hrates the para\e!itricular and supra-optic nuclei arc represented by the prcoptic 
nucleus, extending from the optic cliiasma to the wall of the prcoptic recess. 

The pars iiifimr/jOKhris contains three nuclei. The nxiclcMS con- 

sists of small, rounded or oval cells crowded together It is located between the 
supra-optic nucleus, rostrally, and the posterior hypothalamic nucleus, caudall}', 
differing from both in cell stnicture. The dorsomedial nucleus is distinguished 
from the ventromedial by less crorvding of cells and less sharp delimitation Jt 
lies near the ventricular surface of the hypothalamus, extending to the hypo- 
thalamic sulcus The lateral hypothalamic area is a region lateral to the plane 
of the fornix made up of small, scattered groups of large cells. The cells are 
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separated from the ventromedial nucleus of the siJj)ra-optic area by a zone of 
small cells. I-aterally they extend to the margin of the tul>cr cincrcum and above 
they are continuous wiili the micleits f'cnfornicaUs around the fornix. This area 
is larger and more distinct in the human brain tlian in other primates. In the 
superficial part of this area, in man, there arc well defined groups of small cells 
called the nuclei tiibcris, surrounded by layers of fibers. Outside of these fiber 
capsules lie the large cells of the lateral area. The nuclei tuheris consist of a 
nieilial and a lateral group. Their significance is unknown but tliey appear to be 
absent in lower niammah. 

The rctro-iufuudibular part of the hj-pothalamus includes the posterior 
uudeus. It consists of single or stmll groups of large, o%’al cells scattered in a 
dense matrix of small cells. Vcntrally tlic large cells arc arranged somewhat in 
rows curving upward and backward. Dor.sally tlic cells arc more irregular in 
arrangement. The posterior nucleus appears to give rise to the majority of the 
periventricular fibers and appears to I»c an efferent nucleus for impulses from 
iiypothalanuis to the hratn stem and cord. 

The nianinnllary part of the liypothalamus has three nuclear masses, namely, 
the wedial, the lateral, and die intercalated mammillary nuclei. The medial 
nucleus Is a large, homogeneous mass of small cells, sliarply markctl off from 
surrounding slructurc.s by a thin capsule of myelinated fillers. It is connected 
witli the anlcrovcntral nucleus of the tlnlamus by the bundle of "NHcq D’Azyr, 
this entire system being relatively more highly developed in man than in other 
mammals. Lc Gros Clark regards this system, namely, medial manimillarj' nucleus, 
mammillothalamic tract and ventral anterior nucleus of thalamus, which in turn 
projects to the gyms cinguli of the cerebral cortex, as the route through which 
impulses from the hypollialamus may Ik* carried to the ncopalllum. The lateral 
nianiniillary nucleus is small. It is composed of small, compactly arranged cells 
and lies against the lateral convex surface of the medial nucleus. It is reduced 
in higher primates and man, as compared with lower mammals. The intercalated 
nucleus is made up of large cells similar to those in the lateral hj^iothalamic 
area It invests the lateral nucleus laterally and ventrally. Crouch states it is 
only found in primates and should not be confused, because of its position, with 
the lateral nucleus above described. The descending fornix fibers terminate in 
all three nuclei of the mammillary body, although the mammillothalamic fibers 
arise from the medial nucleus above. 

FUNCTIONS OP THE HYPOTHALAMUS 

Dogs from which the cerebral cortex is removed retain their autonomic 
reflexes, but animals decerebrated by section of the brain stem in front of the 
pons lose them. With both cerebral hemispheres removed, but with the brain 
stem and hypothalamus intact, the animals are subject to periods of sham rage 
(Cannon and Bard). This condition is characterized by dilatation of the pupils. 
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separated from the vcnlromcdia! nucleus of the supra-optic area by a zone of 
.small colls. I-atorally the)’ extend to the ttvicghi of the (tiljcr dnercum and above 
they arc cominuotts witli the nucleus perifonueolis around the fornix. This area 
is larger and more distinct in the hiinun brain tlnn in other primates. In the 
superficial part of this area, in nan, there arc well tjefined groups of small cells 
called the nuclei tiibcris, surrounded by layers of fibers. Outside of these fiber 
capsules lie the large cells of the lateral area. The nuclei tuhens consist of a 
nicdinl and a hUcral group. Their significance is unknown but they appear to be 
absent in lower mammals. 

The rclro-infundihular Pari of the hypothalamus includes the posferior 
nucleus. It consists of .single or stnall groups of large, oval cells scattered in a 
dense matrix of small cells. Vcntrally the Large cells arc arranged somewhat in 
rows curving upward and backward. Dor.<al!y the cells arc more irregular in 
arrangement. The posterior nucleus appears to give ri.se to the m.ijority of the 
pcrivcntncular fibers and appears to be an cfTcrcnt nucleus for impulses from 
hypotbalamtts to the brain stem and cord. 

The iJiflmuu 7 /ary pari of the hy|)0tlialamus has three nuclear masses, namely, 
the medial, the lalcrat, and the intercalated mamnnlbry nuclei. The medial 
nucleus is a large, homogeneous mass of small cells, sharply marked off from 
surrounding structures by a thin capsule of tnvelinatcd filxtrs. It is connected 
with the anlcroventral nucleus of the tlialamus by the bundle of Vicq D’Azjt, 
this entire system being relatively more highly developed in man than in other 
mammals. Lc Gros Clark regards this system, namely, medial mammillary nucleus, 
maminillothalamic tract and ventral anterior nucleus of thalamus, which in turn 
projects to the gyrus cinguli of (he cerebral cortex, as (he route through which 
impulses from the hypotlialanius may be carried to the ncopallium. The lateral 
mauiwillary nucleus is small. It is composed of small, compactly arranged cells 
and lies against the lateral convex surface of the medial nucleus. It is reduced 
in higher primates and man, as compared with lower mammals. The intercalated 
nucleus is made up of large cells similar to those in the lateral h>’pothalamic 
area. It invests the lateral nucleus laterally and ventrally. Crouch states it is 
only found in pnmates and should not be confused, because of its position, ^v^th 
the lateral nucleus above described The descending fornix fibers terminate in 
all three nuclei of the mammillary body, although the mammillothalamic fibers 
arise from the medial nucleus above. 


FUNCTIONS OF THE HYPOTHALAMUS 

Dogs from which the cerebral cortex is removed retain their autonomic 
reflexes, but animals decerebrated by section of the brain stem in front of the 
pons lose them. With both cerebral hemispheres removed, but with the brain 
stem and hypothalamus intact, the animals are subject to periods of sham rage 
(Cannon and Bard). This condition is characterized by dilatation of the pupils, 
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(4) reduced intragastric pressure; (5) complete loss of gastro-intestinal peri- 
stalsis, not affected by section of the vagi; (6) movements of the extremities; 
(7) vusoconstrlcuon ; (8) increased metabolic actiuty; (9) increased heat pro- 
duction; (10) diffuse discharge in all divisions of the thoracolumbar autonomic 
s)siem. Lesions of this nucleus cause: (i) reduced metabolic rate; (2) fall in 
body temperature due to peripheral dilatation, panting, sweating and reduced 
metabolic activity. Large bilateral lesions are followed by Horner’s syndrome, 
ie., relaxed nictitating membrane, drooping of eyelids, extreme contraction of 
pupils and abnormal sinking of eyes into the orbit. All of these symptoms are 
also produced by section or paralysis of the cervical sympathetic trunk. With 
unilateral lesions of the posterior hypothalamic nucleus the syndrome is slight. 

The Jiianijni 7 /ary bodies have important olfactory connections, but stimulation 
has been said to produce sleep, and destruction causes somnolence and catalepsy 
both in cats and monkeys (Ranson). Hess holds that a center governing the 
various muscular and other phenomena associated with sleep is located between 
the posterior hypothalamic nucleus and the oculomotor nucleus. Lc Gros Dark 
regards sleep as due to a reduction of hypothalamic activity, accompanied by 
reduction of hypophyseal function also. 

In general, the lateral area and the posterior hypothalamic nucleus are con- 
cerned with the Ihoracolumliar autonomic system. A tract of small myelinated 
fibers has been described (Beattie, Brow and Long, 1932) from the posterior 
hypothalamus to the medulla oblongata and spinal cord The majoriu of fibers 
arc said to end in relation to tlie preganglionic cells of the thoracic outflow of 
the autonomic system. 

The sham rage phenomena, localized by Bard in the posterior hypothalamus, 
are those of diffuse activity of the thoracolumbar autonomic system The}’ 
are calculated to serve the fundamental processes of preserving life, escape, 
fighting, etc., with which is associated release of adrenalin. The lateral hypo- 
thalamic area and posterior hypothalamic nucleus appear to be a coordinating 
center for the various thoracolumbar autonomic or sympathetic reflex activities. 

The infundibular part, and to a certain extent, the supra-optic part of the 
hypothalamus, sliow craniosacral or parasympathetic characteristics, as noted 
m the description of the activities of these nuclei. These nuclei may be regarded 
as the central coordinating mechanism of the parasympathetic reflexes The 
final peripheral effect of the activity of the two groups of centers is “the 
resultant, not of two mutually antagonistic peripheral effects, but of two closely 
coordinated antagonistic mechanisms in the central nervous system” (Le Gros 
Clark, 1938). 


HYPOPHYSIS 

The InfapUys,! or pilmlary body is a gland of internal secretion. It consists 
of an oiilerior hbc or pars iuccalis and a posterior lobe or pars ttertvsa as its two 
principal divisions. The anterior lohe is derived from the ectodermal Rathke’s 
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increased heart rate and blood pressure, erection of hairs, salivation, etc. All the 
symptoms enumerated arc due to discharges through the sympathetic system. 
Bard was able to prove that the {wstcrior Iiypothalamic nuclei arc involved in 
such manifestations. Otiicr synij^athctic symptoms, such as extra systoles of the 
heart beat in thalamic animals, have Ijccii traced to the fwstcrior h> pothalamic 
region. These were abolislied by cutting the ventral roots of the nerves supply- 
ing symixithctic fibers to the heart, by cutting the mctlial longitudinal bundle 
or by removing the stellate ganglion, all indicating a symimthctic pathway for the 
impul.sc.s responsible (Beattie, Brow and Ixing). 

A great deal of attention lias liccn given in recent years to the function of 
specific hypothalamic regions and nuclei. Stimulation and destruction of various 
parts have given supplementary data nliich may he summarized hriefly, using 
I..C Gros Clark’s four regions as a Imsis. 

Suf^ra-oplic Nucleus. — Stimulation of the supra-opiic tiuclcus alTccts irater 
metabolism. Lesions restricted to this nucleus are followed liy diabetes insipidus, 
in which large amounts of urine arc passc<l with no excess of sugar. The evi- 
dence indicates that the hypophyseal stalk and the posterior lobe of the hy- 
pophysis contain endocrine cells which control water mctalxiHsm. The pol>'uria 
following injury to the supra-optic nucleus is interpreted by Fisher. Ranson 
and Ingram as due to cutting off the innervation of these cells from this nucleus 
through the supra-optic-liypophyseal tract. Diabetes insipidus following en- 
cephalitis IS believed due to injury to tlic supra-optic region. 

The f'araz'cnlnailar nucleus appears to he concerned with carbohydrate 
metabolism. Destruction of this nucleus is followed by permanent deficiency of 
sugar in the urine (hypogljccmia). The c-xperimental animals also have an 
abnormal sensitivity to insulin. 

The vcutromcdlal liyfolhalainic nucleus (medial part of tuber dnereum) and 
dorsomedial hypothalamic nucleus (dorsal nucleus of tuber cinereum) on stimu- 
lation show (i) reduced heart rale. (2) increased intragastric pressure. (3) in- 
creased peristalsis, (4) increased bladder tonus The cardiac and gastro-intestinal 
effects are stopped by section of the ragus ner\'es. The bladder effect is stopped 
by section of the sacral autonomic branches or by injection of atropin. 

Experimental lesions of these nuclei have resulted in (i) hemorrhagic ero- 
sions of the gastric mucosa; (2) the adiposogenital syndrome, characterized by 
a gradual fat deposition, genital atrophy, and a tendency toward the feminine 
body type; and (3) are said to prevent onset of experimental diabetes after 
removal of the pancreas. 

The lateral hypothalamic area or lateral part of the tuber dnereum has given, 
on stimulation, (i) complete inhibition of gastro-intestinal peristalsis; (2) in- 
creased respiratory rate (panting) ; (3) increased blood pressure; (4) dilatation 
of pupil (Ectors, 1937). 

The posterior hypothalamic nucleus, when stimulated, produces: (i) increased 
heart rate; (2) dilated pupils; (3) increased rate of respiration (panting); 
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(4) reduced intragastrJc pressure; (5) complete loss of gastro-intestinal peri- 
stalsis, i\ot affected by section of the ^•agi; (6) movements of the extremities; 
(7) ^•asoconstriction; (8) increased metabolic activity; (9) increased heat pro- 
duction; (10) diffuse discharge in all divisions of the thoracolumbar autonomic 
system Lesions of this nucleus cause: (i) reduced metabolic rate; (2) fall in 
body temperature due to peripheral dilatation, panting, sweating and reduced 
metabolic activity. Large bilateral lesions are followed by Horner’s syndrome, 
i.e , relaxed nictitating membrane, drooping of eyelids, extreme contraction of 
pupils and abnonnal sinking of eyes into the orbit. All of these s\mptoms are 
also produced by section or paralysis of the cer\'ical sympathetic trunk. With 
unilateral lesions of the posterior hypothalamic nucleus the syndrome is slight. 

The jiiamiiiillary bo(Jics have important olfactory connections, but stimulation 
has been said to produce sleep, and destruction causes somnolence and catalepsy 
both in cats and monkeys (Ranson). Hess holds that a center governing the 
various muscular and other phenomena associated with sleep is located between 
the posterior h\-pothalaniic nucleus and the oculomotor nucleus. Le Gros Clark 
regards sleep as due to a reduction of hypothalamic activity, accompanied by 
reduction of h\-pophyseal function also. 

In general, the lateral area and the posterior lu'pothalamic nucleus are con- 
cerned with the thoracolumbar autonomic system. A tract of small myelinated 
fibers has been described (Beattie, Brow and Long, 1932) from the posterior 
hypothalamus to the medulla oblongata and spin.a! cord. The majority of fibers 
are said to end in relation to tlie preganglionic cells of the thoracic outflow’ of 
the autonomic system. 

The sham rage phenomena, localized by Bard in the posterior In pothalamusv 
are those of diffuse activity of the thoracolumbar autonomic s}stem. They 
are calculated to serve the fundamental processes of preserving life, escape, 
fighting, etc., with which is associated release of adrenalin. The lateral hy^xi- 
thalamic area and posterior hypothalamic nucleus appear to be a coordinating 
center for the ^•arious thoracolumbar autonomic or sympathetic reflex activities. 

The infundibular part, and to a certain extent, the supra-optic part of the 
hypothalamus, show craniosacral or parasympathetic characteristics, as noted 
in the description of the acthdties of these nuclei. These nuclei may be regarded 
as tlie central coordinating mechanism of the parasympathetic reflexes. The 
final peripheral effect of the activity of the two groups of centers is “the 
resultant, not of two mutually antagonistic peripheral effects, but of two closely 
coordinated antagonistic mechanisms in the central ner\-ous svstem” (Le Gros 
Clark, 1938). 


HYPOPHYSIS 

The liytophysis or f'iliiitary body is a gland of internal secretion. It consists 
of an GH/cribr lobe or pars biiccalis and a posterior lobe or pars vcrz’osa as its two 
principal divisions The anterior lobe is derived from the ectodermal Rathke's 
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increased heart rate and Idood pressure, erection of hairs, salivation, etc. All the 
symptoms emimcraled arc due to discliargcs through the symjxithctic system, 
Hard was able to prove that the iKislerior hypothalamic nuclei arc involved in 
such manifestations. Other synijialhctic S)*niptoms, such as extra systoles of the 
heart heat in thalamic animals, Iravc l)ccn traced to the posterior hyiwthalamic 
region. These were ahollshcd hy aitting the ventral roots of the nerves supply- 
ing .sympathetic fdicrs to the heart, !>y anting the medial longitudinal Imndlc 
or hy removing the stellate ganglion, all indicating a sympathetic pathway for the 
impulses rcsixmsihlc (Ilcaltie, Ilrow and I-ong). 

A great (leal of attention has l)ccn given in recent years to the function of 
specific hypothalamic regions and nnclci. Stinnilation and destruction of various 
parts ha\e given supplementary data winch may he .summarized hricfly. using 
l.c Gros Clark’s four regions as a liasis. 

Siif^ra-ofilic Nucleus . — Stimulation of tlic supra-oplic tiiiclcus afTccls s\ater 
inctaholism. Lesions restricted to tins nitdctts arc followed hy diabetes insipidus, 
in which large amounts of urine arc passed with no excess of sugar. The evi- 
dence indicates that the hyjKiphyscal stalk and the posterior lobe of the hy- 
pophysi.s contain endocrine cells which control ss-ntcr mctaliolism. The polj-uria 
following injury to the supra-optic nucleus is Interpreted hy Fisher, Kauson 
and Ingram as due to anting olT the inncrs’ation of these cells from this nucleus 
through the supra-optic-hypophyseal tract. Dialictes insipidus following en- 
cephalitis is believed due to injury to the supra-optic region. 

The parmrulricular tiuelcus appears to be concerned with carbohydrate 
metabolism. Destruction of this nucleus is followed hy permanent deficiency of 
sugar in the urine (hypoglycemia). The experimental animals also have an 
abnormal sensitivity to insulin. 

Tile t'Cittrouicdifll hypothalaimc tiuelcus (medial part of tuber cinereum) and 
dorsomcdial hypollialauiic nucleus (dorsal nucleus of tuber cinereum) on stimu- 
lation show (i) reduced heart rate, (2) increased intragastric pressure. ( 3 ) 
creased peristalsis, (4) increased bladder tonus. The cardiac and gastro-intestinal 
effects are stopped hy section of the vagus nerves. The bladder effect is stopped 
by section of the sacral autonomic branches or by injection of atropin. 

Experimental lesions of these nuclei liavc resulted in (i) hemorrhagic ero- 
sions of the gastric mucosa; (2) the adipose^nital syndrome, diaracterized by 
a gradual fat deposition, genital atrophy, and a tendency toward the feminine 
body type; and (3) are said to prevent onset of experimental diabetes after 
remoral of the pancreas. 

The lateral hypothalamic area or lateral part of the tuber cinereum has giv^. 
on stimulation, (i) complete inhibition of gastro-intestinal peristalsis; (2) m- 
creased respiratory rate (panting) ; (3) increasetl blood pressure; (4) dilatation 
of pupil (Ectors, 1937). 

The posterior hypothalamic tmclctis, when stimulated, produces: (i) increased 
heart rate; (2) dilated pupils; (3) increased rate of respiration (panting),’ 
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(4) reduced intragastric pressure; (5) complete loss of gastro-intestinal peri- 
stalsis, not affected by section of the vagi; (6) movements of the extremities; 
(7) vasoconstriction; (8) increased metabolic activity ; (g) increased heat pro- 
duction; (10) diffuse discharge in all divisions of the thoracolumbar autonomic 
system. Lesions of this nucleus cause: (1) reduced metabohc rate; (2) fall in 
body temperature due to peripheral dilatation, panting, sweating and reduced 
metabolic activity. Large bilateral lesions are followed by Horner’s syndrome, 
i.e., relaxed nictitating membrane, drooping of eyelids, extreme contraction of 
pupils and abnormal sinking of eyes into the orbit. All of these symptoms are 
also produced by section or paralysis of the cervical sympathetic trunk. With 
unilateral lesions of the posterior hypotlialamic nucleus the syndrome is slight. 

The viainuiiUary bodies have important olfactory connections, but stimulation 
has been said to produce sleep, and destruction causes somnolence and catalepsy 
both in cats and monkeys (Ranson). Hess holds that a center governing the 
various muscular and other phenomena associated with sleep is located between 
the posterior hypothalamic nucleus and the oculomotor nucleus. Lc Gros Clark 
regards sleep as due to a reduction of hypothalamic activity, accompanied by 
reduction of hypophyseal function also. 

In general, the lateral area and the posterior hypothalamic nucleus are con- 
cerned with the thoracolumbar autonomic system. A tract of small myelinated 
fillers has been described (Beattie, Brow and Long, 1932) from the posterior 
hypothalamus to the medulla oblongata and spinal cord. The majority of fibers 
are said to end in relation to the preganglionic cells of the thoracic outflow of 
the autonomic system. 

The sham rage phenomena. localized by Bard in the posterior hypothalamus, 
arc those of diffuse activity of the thoracolumbar autonomic system They 
are calculated to serve the fundamental processes of preserving life, escape, 
fighting, etc., with which is associated release of adrenalin The lateral hypo- 
thalamic area and posterior hypothalamic nucleus appear to be a coordinating 
center for the various thoracolumbar autonomic or sympathetic refle.x activities. 

The infundibular part, and to a certain extent, the supra-optic part of the 
hypothalamus, show craniosacral or parasympathetic characteristics, as noted 
in the description of the activities of these nuclei These nuclei may be regarded 
as the central coordinating mechanism of the parasympathetic refle.xes. The 
final peripheral effect of the activity of the two groups of centers is “the 
resultant, not of two mutually antagonistic peripheral effects, but of two closely 
coordinated antagonistic mechanisms in the central nervous system” (Le Gros 
Clark. 1938). 


HYPOPHYSIS 

The hypophysis or pittiHary body is a gland of internal secretion It consists 
ol an anfenor lobe or pars buccaUs and a posterior hbc or pars nervosa as its two 
principal divisions. The anterior lobe is derived from the ectodermal Rathke’s 
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increased heart rate and blood pressure, erection of hairs, salivation, etc. All the 
symptoms enumerated arc due to tllscliarKcs through the sympathetic system. 
Bard was able to prove that the posterior hypothalamic nuclei arc involved in 
such manifestations. Other sympathetic 5}’iiiptoms, such as e.xtra systoles of the 
heart beat in thalamic animals, have Iwcii traced to the posterior hypotlulamic 
region. These were a!)oHsIicd by cutting the ventral roots of the nerves supply- 
ing sympathetic fd)crs to the heart, by cutting the mcdi.il longitudinal bundle 
or by removing the stellate ganglion, all indicating a .sym])athetic p.ithway for the 
impulses responsible (Beattie, Brow and Long). 

A great deal of attention ha.s lM^cn given in reccJit years to the function of 
specific hypothalamic regions and nuclei. Stimulation and destruction of various 
parts have given supplementary data which may he summarized briefly, using 
Le Gros Clark's four regions as a Iwsis. 

Suf>ra-optlc Nucleus , — Stimulation of the supra-optk nucleus affects water 
metabolism. Lesions restricted to this micleus arc followed Iiy diabetes insipidus, 
in which large amounts of urine arc passed with no excess of sugar. The evi- 
dence indicates that the hypopliyscal stalk ami the posterior lobe of the hy- 
pophysis contain endocrine cells which control water metabolism. The polyuria 
following injury to the supra-optic nucleus is intcrjircicd hy Fisher, Ranson 
and Ingram as due to cutting ofT the innervation of these cells from this nucleus 
through the supra-optic-liypopbyscal tract. Diabetes insipidus following en- 
cephalitis is believed due to injury to the supra-optic region. 

The paravcutricnlar nucleus appears to be concerned with carl)oh)drate 
metabolism, Destruction of this nucleus Is followed hy permanent deficiency of 
sugar in the urine (hypogljcemla). The experimental animals also have an 
abnormal sensitivity to insulin. 

The ventromedial hypolhalauiie nucleus (medial part of tuber cinereuin) and 
dorsowedial JiypotJialamic nucleus (dorsal nucleus of tuber cinereum) on stimu- 
lation show (i) reduced heart rate, (2) increased intragastric pressure. (3) in- 
creased peristalsis, (4) increased bladder tonus. The cardiac and gastro-intestinal 
effects are stopped by section of the Nwgus nerves. The bladder effect is stopped 
by section of the sacral autonomic branches or by injection of atropin. 

Experimental lesions of these nuclei have restilted in (i) hemorrhagic ero- 
sions of the gastric mucosa; (2) the adiposogenital syndrome, characterized by 
a gradual fat deposition, genital atrophy, and a tendency to^vard the feminine 
body type; and (3) are said to prevent onset of experimental diabetes after 
removal of the pancreas. 

The lateral hypothalamic area or lateral part of the tuber cinereum has given, 
on stimulation, (i) complete inhibition of gastro-intestinal peristalsis; (2) in- 
creased respiratory rate (panting) ; (3) increasetl blood pressure; (4) dilatation 
of pupil (Ectors, 1937). 

The posterior hypothalamic nucleus, when stimulated, produces: (l) increased 
heart rate; (2) dilated pupils; (3) increased rate of respiration (panting) 5 
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CHAPTER 18 

THE CEREBRAL HEMISPHERES 

Tl\e telencephalon is made up of the cerebral hcmisHieres, the corpus 
stnatim and the region just rostral to the optic chiasma known as the pars 
of-fica hypothalauii. The anterior part of the third ventricle extends into the 
telencephalon. The cavities of the cerebral hemispheres, known as the lateral 
ventricles communicate with the third ventricle through the interventricular 
foramen ^foramen of Monro) on each side. In man the cerebral hemispheres 
completely cover the brain stem and the cerebellum, making these parts in- 
visible from above. 

The TELENCEPHALON IS detivcd from the more anterior of the two brain 
segments formed by constriction of the embryonic forebrain vesicle. In the 
embryo of about one month there begins an evagination on each side which be- 
comes the anlage of the hemispheres. The tipper part becomes the paUiuvi. In 
the floor there occurs a thickening, especially pronounced laterally, which be- 
comes the corpus striatum. At first this is continuous with the corrcsj5onding 
thickening iu the betweenbrain, the thalamus. Presently it is separated by a 
groove. 

The plate between the hemispheres grows at a slower rate, with the result 
that a deep furrow is formed, representing the sagittal fissure. The rostroventral 
continuation of this plate, which is the morphological anterior end of the fore- 
brain, becomes the lamina termwalis. The hemispheres grow rostrally beyond 
this plate on each side. Ventral to the pallium of each hemisphere there appears 
a swelling which elongates in the rostrocaudal axis, and becomes the olfactory 
lobe. It IS the beginning of the rhmencephalon. 

By the fifth month (Fig. 167) of fetal development a distinct lobation of 
the hemispheres into frontal, parietal, temporal and occipital lobes is apparent. 
Between the frontal, parietal and temporal lobes a flattened area appears during 
the third month With growth of the lobes this becomes depressed below the 
general cerebral surface. It is continuous mtemally with the mass of the corpus 
striatum, the area representing the developing cortex above the striate body. 
This tnsula or island of Reil becomes covered as development of the corte.x 
continues, by overgrowth from all sides by the margins of the lobes surrounding 
it. These margins become the opcrcula of the insula, named from their respective 
Jobes as operculum of frontal lobe, etc. A fissure in the adult, known as the 
lateral fissure (fissure of Sylznus} opens to the hidden cortical surface of the 
island of Reil. 
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pocket. The posterior lobe, cmbryologically, is* a hollow evagtnation of the 
diencephalic floor whicJi retains a connection with the brain by the infundibular 
stalk. The cavity of the lobe disappears in man by thickening of its walls. 

The posterior lobe is. made up of mossy neuroglia cells and large multipolar 
cells resembling nerve cells, but without Nissi substance. Herring bodies, vari- 
ously interpreted by difTcrent investigators, arc also found in the posterior lobe. 
They have been regarded as colloidal masses, as degenerated cells, and as a 
special type of ncn,'c fiber termination. Ranson has demonstrated a bundle of 
nerve fibers from the supra-optic nucleus to the posterior lobe and pars inter- 
media. Cushing holds that the posterior lobe produces a secretion which is dis- 
charged through the infundibular stalk into the third ventricle. This suggests a 
functional relation to the nervous system. 

The anterior lobe produces several secretions, the description of which belongs 
to the domain of endocrinology. A pars vitertiiedia and a pars tubcralis, both 
derived from the pars huccalis, produce endocrine secretions which have specific 
functions differing from those of the anterior lobe proper. 
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CHAPTER 18 

THE CEREBRAL HEMISPHERES 

The telencephalon is made up of the cerebral hemispheres, the corpus 
striatum and the region just rostral to the optic chiasma known as the pars 
optica hypothalami. The anterior part of the third ventricle extends into the 
telencephalon The cavities of the cerebral hemispheres, known as the lateral 
ventricles communicate with the third ventricle through the interventricular 
foratneu (foramen of Monro) on each side. In man the cerebral hemispheres 
completely cover the brain stem and the cerebellum, making these parts in- 
visible from above. 

The TELENCEPHALON IS derived from the more anterior of the two brain 
segments formed by constriction of the embryonic forebrain vesicle. In the 
embryo of about one month there begins an eragmation on each side which be- 
comes the anlage of the hemispheres- The upper part becomes the pallium. In 
the floor there occurs a thickening, especially pronounced laterally, which be- 
comes the corpus striatum. At first this is continuous with the corresponding 
thickening in the betweenbrain, the thalamus Presently it is separated by a 
groove 

The plate between the hemispheres grows at a slower rate, with the result 
that a deep furrow is formed, representing the sagittal fissure. The rostroventral 
continuation of this plate, which is the morphological anterior end of the fore- 
brain. becomes the lamhia tenmualis. The hemispheres grow rostrally beyond 
this plate on each side. Ventral to the pallium of each hemisphere there appears 
a swelling which elongates in the rostrocaudal axis, and becomes the olfactory 
lobe. It is the beginning of the rhineiicephalon 

By the fifth month (Fig. 167) of fetal development a distinct lobation of 
the hemispheres into frontal, parietal, temporal and occipital lobes is apparent. 
Between the frontal, parietal and temporal lobes a flattened area appears during 
the third month. With growth of the lobes this becomes depressed below the 
general cerebral surface. It is continuous internally with the mass of the corpus 
striatum, the area representing the developing cortex above the striate body. 
This insula or island of Reil becomes covered as development of the cortex 
continues, by overgrowth from all sides by the margins of the lobes surroimdm^ 
it. These margins become the opercula of the insula, named from their respective 
lobes as operculum of frontal lobe. etc. A fissure in the adult, known as the 
lateral fissure {fissure of Sylvius) opens to the hidden cortical surface of the 
island of Red. 
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pocket. The posterior lobe, cmbr>-ological|y, is'a hollow evagination of the 
diencephalic floor whidi retains a connection with the brain by the infundibular 
stalk. The cavity of the lobe disappears in man by thickening of its walls. 

The posterior lobe is. made up of mossy neuroglia cells and large multipolar 
cells resembling nerve cells, but without Nissl substance. Herring bodies, vari- 
ously interpreted by difTerent investigators, arc also found in the posterior lobe. 
They have been regarded as colloidal masses, as degenerated cells, and as a 
special type of nerve fiber termination. Ranson lias demonstrated a bundle of 
nerve fibers from the supra-optic nucleus to the posterior lobe and pars inter- 
media. Cusbing holds that the posterior lobe produces a secretion which is dis- 
charged through the infundibular stalk into the third ventricle. This suggests a 
functional relation to the nervous system. 

The anterior lobe produces several secretions, the description of which belongs 
to the domain of endocrinology. A pars inicrmedia and a pars tuhcralts, both 
derived from the pars buccalis, procluce endocrine secretions wliich have specific 
functions differing from those of the anterior lobe proper. 
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THE CEREBRAL HEMISPHERES 

Flechstg has shown that myehnization takes place in various parts of the 
nervous s>stem and in specific tracts at various stages in the embryo, beginning 
at about four months. In the cerebral hemispheres it begins at about the time 
of birth and continues until puberty. The four primary groups of projection 
fibers, namely, olfactory, visual, acoustic and somaesthetic, are the first affected, 
T\\e areas whose fibers connect primary cortical areas with thalamic and pontine 
nuclei arc myelinated nc.xt in order. Finally the association fibers such as those 
of the corpus callosum, etc., receive their myelin sheaths. 

The sagittal fissure of the embryonic brain becomes filled with mesenchyme 
which condenses into the sicklc-shapcd fair ccrcbri of the dura mater. The falx 
extends downward to the corpus callosum, arching in front and behind the 
latter so as to completely separate the hemispheres save in the middle region. 
The anterior end of the corpus callosum curves downward and tapers, in sagittal 



Fig. 167. — Ventral View or Brain or Fm. Months’ Foetus. 
(From Retzms ) 


section, to join the lamina terminalis The curved part of the callosum is called 
the genu, the tapering part is the rostrum. The posterior end of the corpus 
callosum is thickened into the sflcmum, which lies above the midbrain. 

The dorsal surface of the part of the corpus callosum between the hemi- 
spheres is covered by a thin layer of gray matter, the indusmm grisenm. It is 
marked by two longitudinal hands of fibers on each side of the midline, known 
as the medial longitudinal stria (stria Lancisii) and the lateral longitudinal 
sfrio, respectively. They are composed of fibers connecting olfactory areas, and 
the indusium griscum is, in man. a reduced part of the olfactory cortex. 

A while band, called the fornix, arches from the underside of the splcninm 
to tlic anterior commissure. In the roughly triangular area between fornix and 
the arch of the corpus callosum the medial wall of the hemisphere is formed hy 
a thin layer of cortex known as the septum pellucidiwi. The medial surfaces of 
the septa of the two hemispheres, covered by meninges, are in contact save for 
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The wall of the hemispheres logins to thicken in the third month of develop- 
ment. This process Begins In the l»asal parts near the striate body and extends 
over the pallium. DifTercnliation Into zones of cells and fibers also begins. From 
the fourth month onward the wall thickens rapidly, largely because of the great 
increase In fibers In the Intermediate zone which pass from the basal ganglia 
to the cortex. Presently fibers from cortical cells arc added to the mass, resulting 
In the white substance of the hemisphere. The ventricle becomes reduced, as a 
result, from a large space to a narrow slit. 

The white mailer continues to increase in volume, but the cortical gray matter 
spreads out in a thin layer. This however fokls into numerous gyri separated 
by furrows known as sulci or fissures. Many of the folds correspond, in general, 



Fic. 166— Diagram or Basal Ganglia and Relation to Cortex. 

(After Edinger.) 

to histological areas of the cortex, these in turn representing functional areas 
in some cases. 

The first fissures to appear are the hippocampal and the rhiuaU These mark 
off the primitive olfactory system from other parts of the brain. They may be 
recognized during the third month, when the fissure of Sylvius also makes its 
appearance. During the fifth month the calcarhxe, pariclo-occipital and central 
fissures appear, marking off distinct areas of the cortex. During the sixth and 
seventh months the other main fissures appear as shallow grooves. These are 
the inferior and superior precentral, the postcentral, the superior temporal, the 
parolfactory, the superior and inferior frontal, the interparietal, the callosomar- 
ginal and the orbital fissures. The calcarine and the hippocampal fissures pro- 
duce elevations within the ventricle. Transitory fissures have been described dur- 
ing the third and fourth months but are now regarded as artefacts. 

The pnmary fissures named are located, in general, in the regions of the 
primary functional areas of the cortex. Assodation areas are formed between 
and around them, which, as they expand, give rise to secondary gyri. These 
may greatly modify the form and position of the primary gyri. 
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lobe forms the posterior part of the hemisphere. It is bounded on its lateral 
surface by the parieto-occipital fissure and a line continued from the end of 
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Fig 169 — L^TERAL View of Brain 


this fissure to the pre-occipital notch. Its medial surface is bounded from the 
parietal lobe by the medial part of the pancto-occipiial fissure. The central lobe 



or insula is covered by the opercula which are separated from each other by 
the fissure of Sylvius and the anterior and posterior rami of this fissure. 


THE BASAL GANGLIA 

The floor and ventrolateral wall of the cerebral hemisphere contains several 
masses of gray substance beneath the cortex (Fig, 166). They include the 
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Ji cavity of variable size known as llie cavtim septi or fifth ventricle. This is, of 
course, merely a meningeal space. 

The adult cerebral hemisphere (Figs. 1C8-171) is divided into six lobes as 
follows : fronlal lohe, pariclal lobe, Icmporal lobe, insula or central lobe {island of 
Rcil), occipital lobe, and olfactory brain or rhinencephalon, which includes 



Fir.. 168 — ^Vfntkal View of Adult Brain. 


structures in other lobes. The frontal lobe is bounded posteriorly by the central 
fissure, the fissure of Sylvius and an arbitrary fine between the posterior limb 
of the latter and the lowest part of the central fissure. The parietal lobe lies 
between the central fissure anteriorly, and the parieto-occipital and lateral oc- 
cipital fissures posteriorly. A line from the tip of the Sylvian fissure extended to 
the lateral occipital fissure separates the jarietal and temporal lobes. The tci’i- 
poral lobe lies between the Sylvian fissure and the parieto-occipital. The occipital 
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stride My, llic mtiygdahid nucleus amt the clausirum, and collcclivclj- are 
known as tile Oaml paiir/tia (Rrs, 172-174), The anterior limh of the inleriial 
cajisiile [lasses IliroiiRli the mass, separating tlic greater part of tlie caudate 
nucictis from tlie lenticular nucleus of the striate Iiody. The [lostcrior limti 
of the internal c.a|isulc se|)arales the Iciiliform nncicns from the thalamus. The 
c-utcrnal capsule, a thin sheet of white suhslance, lies hetween the lateral surface 
of the leutiform nucleu.s and the claustrum. Hetween the claustrum anil the 
corle.x of the insula there is another iiaiul of white known as the cuj'siila 
extrema, fiamts of gray matter conned- the cauilalc ami lentiforni nuclei through 


Cfwa o? foriNlit gentral su lcas CRolandi) 


Subparfetal suiaiiti,^ 
^rietoocGipita! s I 
fissure 

Sptenium 
corpus ft 
:atlosum&R 


!!»^SijIoii 3 of 



Jjl lateral, 
fissure 


inferior tempomf" 
aulcua 


t 

HippocaTnpal fissure 


.corpus callosum 


'Genu of corpus 
callosum 
'postrum of 
’orpus callosum 
‘osterior par- 
^Jlfactory sulcus 
^AntiS* parolfactory sulcus 
'F^factory area ®rocas area) 
Sui)ca)losal qyms 
I ^Anterior commissure 
Cut surface of cerebi-al peduncle 


Fifi i7i.~-Mfihal Skctiom or Adult Brain. 


the internal capsule and hands of white fibers are numerous in the lentiform 
nucleus. In section these bands of gray and white have a striated appearance 
from which the mass derives its name. 

The CLAUSTRUM is a thin layer of gray substance usually regarded as a 
detached portion of the cortex of the insula. Mowever, it comes to the surface 
at tile anterior perforated substance and is conti'nuoxis with the gray matter of 
the cerebral cortex. It is made up of small, spindle-shaped cells similar to those 
in the deepest layer of the cortex. 

The AMYGDALOID NUCLEUS lies at the lateral extremity of tlie anterior per- 
forated substance in front of and partly above the tip of the inferior horn of the 
lateral ventricle. It is continuous with the cortex of the pyriform lobe. Phylo- 

geneticaily it is de ^ • ost caudal part 

of the cortex fold Iriatum, which 
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Kappcrs regards as homologous with the mammalian am>gdaIoid mass. It is 
regarded as a center of correlation of olfactory with somatic impressions. It 
gives rise, in large part, to the stria tcrmhalis, a hand of fibers which arches 
with the caudate nucleus to reach the rqjion of the anterior perforated sub- 
stance. This is the chief cfTcrcnt tract. Other connections of the amygdaloid 
complex arc with the cortex of the pyriform lobe, the septum pcllucidum and 
the lateral olfactory tract. 

The STRiATi: nony (cormjs striatum) lies in the floor and lateral wall of 
the lateral ventricle in front of the thalamus. The gray substance is made up 
of the caudate uuclciis and the lettliform micieus. The anterior limb of the 
internal capsule passes between the greater part of these two nuclei, but they 
are joined in front of the capsule. 

The caudate uticleus is divided into the head, which projects into the lateral 
ventricle, and the tail or caiida. The caiida arches over the thalamus and passes 
forward under this mass to end in the region of the amygdaloid nucleus. The 
head of the caudate nucleus is continuous with the anterior perforated sub- 
stance, as well as with the Icntiform nucleus, as stated. 

The leiiliform nucleus is buried in-thc white substance of the hemisphere. 
It is subdivided by the exlerital and internal medullary stria into three masses 
The two medial masses arc yellowish in color. Together they are somewhat 
.spherical and form the globus f>allidus. The, lateral mass is larger and has a 
reddish color in the fresh brain. It is called the putamen. 

The globus palUdus is the older part of the striate body, constituting the 
paleostriatum. It is more or less continuous with the endopeduncular nucleus of 
the diencephalon. It is made up of small and large cells, the latter predominating. 
Fibers enter it as axons of the small cells of the caudate nucleus and putamen. 
The large cells of the globus pallidus give rise to efferent fibers. 

The globus pallidus has to do with automatic and associated movements and 
their control, and with muscular stabilization. Degeneration of this nucleus is 
responsible for the syndrome of juvenile paralysis agitans, characterized by 
increased muscle tone coupled with the attitude and body positions of Par- 
kinson’s disease. 

The caudate nucleus is part of the neostriatum. A portion of its head, how- 
ever, IS connected with the base of the stria terminalis and is regarded as 
belonging to the paleostriatum. It is made up of multipolar cells w’hich in the 
adult are pigmented. Many of the cells are of small to medium size, of Golgi s 
type II, with short axons. Some are large, with long axons and much Nissl 
substance. 

Tbalamostrial fibers reach the caudate nucleus from the anterior and medial 
nuclei of the thalamus. Tliere are also intemudear fibers. These take origin 
in small cells of the caudate nucleus and the putamen, terminating chiefly in 
the medial and lateral parts of the globus pallidus. The caudate nucleus is 
regarded as normally exerting inhibitoiy influences on the globus pallidus. 
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^[orRaii regards the motor disttirlKinccs associated with degeneration in the 
striate body as due to irritative stimulation of tlicsc nuclei rather than loss of 
function hy them. 

The tulouicn is thc.larger part of the Icntiform nucleus. As already stated, 
it is continuous with the caudate nucleus in front of the internal capsule, the 
two together forming the iteosiriattwt. There are lar;je and small cells, the 
latter heinjf more numerous. The large cells resemble those of large size in the 
globus pallidus. 

Efferent fibers from the striate Iwdy, having their origin chiefly in the large 
cells of the glohus pallidus, re.ach (i) the thalamus j (2) the substantia nigra; 
(3) the red nucleus; (4) the sttbtlialanuis ; (5) the nucleus of the medial longi- 
tudinal bundle (nucictis of Darksclicwitsch) of the opposite side, and probably 
the motor Vth and motor Vllih nuclei.' They constitute the ansa hnlicubris, 
a large bundle of fibers running transversely, in large part. Fibers derived from 
the ansa pass caudally tlirougli field H of Ford as the lenticular fasciculus 
which tcmiinates in the red nucleus. ' 

THE WHITE MATTER 

The deep part of the cerebral hemispheres consists of numerous bundles of 
myelinated fibers and neuroglia. The fibers constitute three systems, distinct 
in their course and connections, namely, projection fibers, commissural fibers 
and association fibers. 

The projection fibers include all of the afferent and efferent bundles which 
connect the cortex with the brain stem and spinal cord. Tliey pass through 
the brain stem and the internal capsule. On emerging from the latter they spread 
out toward the different parts of the cortex, forming the corona radiafa. 

The coiiiiiiissural fibers -connect the two cerebral hemispheres They are 
grouped into three masses, namely, the corpus callosum, the hippocampal com- 
missure, and the anterior commissure. The posterior and habenular commissures 
connect nuclear masses in the brain stem and therefore belong in a somewhat 
different category. 

The corpus callosum (Fig. 173) is the lai^t of the commissures, forming 
a band between the two hemispheres which is attached to them through nearly 
half of their long axis. It is divided into a posterior, thickened and rounded 
end called the splcitiiim; an anterior, less massive part, the genu; and the main 
body of the corpus callosum, or trunk, which lies between. The genu is turned 
downward and backwards, tapering as it curves caudally. The tapering part is 
known as the rostrum 

Within the hemispheres the fibers spread out in such a manner that they 
reach most of the cerebral cortex, intersecting the fibers of the corona radiata. 
The mass constitutes the radiations of the corpus callosum. The occipital part 
of this radiation, from the splenium, curves sharply backward into the occipital 
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Ftc. 174 — Travs\erse Sectiom Throcgii the Bbai.v in the Direction of the Meduel.\ 
Obloncatv and the Cerebral Pedcxcees or Crura Cerebri; the Course of the 
P\R,\M iDaL Tract fko-m the Decussation of the P^tiamids Upwards Through the 
Pyramids of the Medulla Obloscyta (Anterior Crus Cerebri) Into the Internal 
Capsule, Where It Enters the Peduncle of the Corona Radiata (Pedunculus 
Cobonae Radiatae). 

In the medullary center or while matter of the cerebrum (Meditulhum) w-e see the inter- 
lacement of the radiation of the corpus callosum (radiation corpus callosi) with the fibers 
of the corona radiata as they diverge from the internal capsule, and witli the fibers of the 
radiation of the corpus striatum (radiation corpons stnati). (From Toldt, Atlas of Anatoiny ) 
By permission of The Macmillan Company', publishers. 
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Morgan regards the motor disturbances associated with degeneration in the 
striate t)0(ty as due to irritativ'c stimulation of these nuclei rather than loss of 
function by them. 

The piilaincn is thc.largcr part of the Icntiform nucleus. As already stated, 
it is continuous with the caudate nucleus in front of the internal capsule, the 
two together forming the ucoKtnatuvi. There are large and small cells, the 
latter Iicing more numerous. Tlic large cells resemble those of large size in the 
globus pallidus. 

EfTerent fibers from the striate IkkI)', having their origin chiefly in the large 
cells of the globus pallidus, reach (i) the thalamus; (2) the substantia nigra; 
(3) the red nucleus; (4) the subthalamus ; (s) the nucleus of the medial longi- 
tudinal bundle (nucleus of Darkschcwitsch) of llic opposite side, and probably 
the motor Vth and motor Vlltli nuclei. Tlicy constitute the ansa Icnficularis, 
a large bundle of fibers running transversely, in large part. Fibers derived from 
the ansa pass caudally through field H of Forcl as the lenticular fasciculus 
which terminates in the red nucleus. ' 

THE WHITE MATTER 

The deep part of the cerebral hemispheres consists of numerous bundles of 
mjehnated fibers and neuroglia. The fibers constitute three systems, distinct 
in their course and connections, namely, projection fibers, commissural fibers 
and association fibers. 

The projection fibers include all of the afferent and efferent bundles which 
connect the corte.'c with the brain stem and spinal cord. They pass through 
the brain stem and the mtema! capsule. On emerging from the latter they spread 
out toward the different parts of the cortex, forming the corona radiata. 

The commissural fibers connect the two cerebral hemispheres. They are 
grouped into three masses, namely, the corpus callosum, the hippocampal com- 
missure, and the anterior commissure. The posterior and habenular commissures 
connect nuclear masses in the brain stem and therefore belong in a somewhat 
different category. 

The corpus callosum (Fig. 173) is the largest of the commissures, forming 
a band between the two hemispheres which is attached to them through nearly 
half of their long axis. It is divided into a posterior, thickened and rounded 
end called the splenium; an anterior, Jess massira part, the genu; and the mam 
body of the corpus callosum, or trunk, which lies between. The genu is turned 
downward and backwards, tapering as it curves caudally. The tapering part is 
known as the rostrum. 

Within the hemispheres the fibers spread out in such a manner that they 
reach most of the cerebral cortex, intersectii^ the fibers of the corona radiata 
The mass constitutes the radiations of the corpus callosum. The occipital part 
of this radiation, from the splenium, curves sharply baclavard into the occipital 
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THE CEREBRAL HEMISPHERES 

The hchcmihr commissure connects tte tebenutar bodies which he m front 
of the pineal body. It is related to the oUactoty system. 


THE ASSOCIATION FIBERS 

In contrast with the commissural fibers, which connect corresponding parts 
of the two hemispheres, the association fibers (Fig. l“3) unite different parts 
of the same hemisphere. They are regarded as made up of fibers running in 



Fic 176 — DiwiRAw OF Some Connections of Basal Kuclej 

both directions. Some connect adjacent gyn and arc knowit as short association 
fibers Others connect distant parts of the hemisphere, forming the long asso- 
ctadon fibers. They dismbute and diffuse the impvtlscs brought to the cortex by 
the ascending projection systems. Through the association bundles the dif- 
ferent regions of the cortex are enabled to function in coordination ivilh each 
other. 

The short association bundles or fibrae prof'riac arise irom cells in the gyri 
and arch licneath the floor of the intervening sulci, to end in the cortex 
cf adjacent gyri. Bundles of the long association fibers form distinct bands 
which can fje expose<l by dissection and have been given specific names, as 
follows : 

The cingulum or girdle is a land of white fibers within the gyrus cinguli. 
It connects the anterior perforated substance with the dentate gjTus, taking '• 
course over the corpus callosum. 
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lobe. A band of fibers from tlic spicmum airves over and around Ihc posterior 
horn of the lateral ventricle as the taf*etum. 

Tlie Uip{<ocampal commissure is a thin sheet of transverse fibers which lies 
close to the under side of the posterior portion of the body of the corpus 
callosum. It connects the medial margins of the limbs of the fornix and there- 
fore has a triangular form. Its fil)ers arc axons of pyramidal cells of the hippo- 
campus which make up jvirt of the alveus and the fimbria before reaching the 
crus of the fornix. Tliey terminate in the molecular layer of the opposite hipim- 



Fi{5. 175.— Diagram of As^ociatiox Doncles jk CBRcnRAL Hemispuere. 

cm, cingtiltini; f.I.i, inferior longitudinal fasciculus; f.ls., superior lonsttudinal fascjculus, 
fo 0 friiif , inferior occipitofrontal f.isctculus; f.p., arcuate fibers; f.lr.oc., transverse occipital 
fasciculus; fune, uncinate fasciculus; i/r /rnii , stria tcrminalis. From Herrick, JntroducUon 
to Neurology, W B Saunders Co , Pliiladclpliia, 1931. 

campus. The hippocampal commissure connects the cortex of the rhinencephalon, 
one side with the other. 

The anterior commissure (Fig. 173) crosses the median plane in the anterior 
wall of the third ventricle in the zone between the rostrum of the corpus 
callosum and the lamina tcrminalis. The fibers are of two groups: (i) fibers of 
the rhinencephalon connecting the olfactory areas, pyriform areas and amyg- 
daloid nuclei of the two sides; (2) neopallial fibers which fray out in the 
temporal lobes. 

The posterior commissure belongs chiefly to the midbrain but appears to 
contain some fibers connecting diencephalic structures. It crosses the midplane 
below the stalk of the pineal body in the anterior end of the midbrain roof. 
Its fibers are derived from several sources, but are not clearly understood. 
Some appear to arise in the superior colliculus, others in the nucleus of Dark- 
schewitsch, and some are regarded as decussating fibers of the medial longi- 
tudinal bundle, which is believed by some authors to have its origin from the 
nucleus of Darkschewitscb 
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The Iwbmular commissure connects the habenular bodies which lie in front 
of the pineal body. It is related to the olfactory system. 


the association fibers 

In contr.lst with the commissural fibers, which connect corresponding parts 
of the two hemispheres, the association fibers (Fig. i/S) different parts 

of the same hemisphere. They arc regarded as made up of fibers running m 



Fio 176 — ^Diag?iam of Some Conjjectioss of Basal Nuclei 

both directions- Some connect adjacent gyri and arc known as short association 
fibers Others connect distant parts of tlie hemisphere, forming the long asso- 
ciation fibers They distribute and diffuse the impulses brought to tlie cortex by 
the ascending projection systems. Through the association bundles the dif- 
ferent regions of the cortex are enabled to function in coordination with each 
other. 

The short association bundles or fibrac f>rof>riac arise from cells in the gyri 
and arch beneath the floor of the inter\-ening sulci, to end in the cortex 
of adjacent gyri. Bundles of the long association fibers form distinct bands 
which can be exposed by dissection and have been given specific names, as 
follows : 

The cmgitlum or girdle is a band of white fibers witliin the gyrus cinguli. 
It connects the anterior perforated substance with the dentate gjTUs, taking its 
course o\er the corpus callosum. 
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lol)c. A band of fibers from the splcnium curves over and around tlie posterior 
born of the lateral ventricle as the lapetum. 

Tlie hippocampal commissure is a thin slicct of transverse fibers which lies 
close to the under side of the posterior portion of the body of the corpus 
callosum. It connects the medial margins of the limbs of the fornix and there- 
fore has a triangular form. Its fibers arc axons of pyramidal cells of the hippo- 
campus wliich make up part of the alveus and the fimbria before reaching the 
crus of the fornix. They terminate in the molecular layer of the opposite hippo- 



Fic. 175— Diaoram of Association Hu.nplfs ik Cfjiedral HRMisrnERt 
d» , cingulum; fit, inferior longiludinni fasctcutus; fls., superior longitmlinal fasciculus; 
fofffrtiif., inferior occipitofrontal fasciculus; /-A. arante fibers; f.lroc, transverse occipital 
fasciculus; fmc., uncinate fasciculus: , stria fcrminalis. From Herrick, InlroducUon 

to Neurology, W B Saunders Co., Philadelphia, 1931. 

campus. The hippocampal commissure connects the cortex of the rhinencephalon. 
one side with the other. 

The anterior commissure (Fig. 173) crosses the median plane in the anterior 
wall of the third ventricle in the zone between the rostrum of the corpus 
callosum and the lamina terminalis. The fibers arc of two groups; (1) fibers of 
the rhinencephalon connecting the olfactory areas, pyriform areas and amyg- 
daloid nuclei of the two sides; (2) neopallial fibers which fray out in the 
temporal lobes. 

The posterior cammissiire belongs chiefly to the midbrain but appears to 
contain some fibers connecting diencephalic structures. It crosses the midplane 
below the stalk of the pineal body in the anterior end of the midbrain roof. 
Its fibers are derived from several sources, but are not clearly understood. 
Some appear to arise in the superior colliculus, others in the nucleus of Dark- 
scbewitsch, and some are regarded as decussating fibers of the medial longi- 
tudinal bundle, which is believed by some authors to have its origin from tlie 
nucleus of Darkschewitsch. 
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The medial and lateral longitudinal striae, in part, connect the subcallosal 
gyrus and anterior perforated space with the hippocampal formation. 

REFERENCES 

Brodsiann, K. Vergteichendc Lohahsationslchte der Grosshirnrintle in ihren Prinzipien 
dargestellt auf Grund des Zellenbaues, Auf a, 192^ J. A. Barth, Leipzig. 

Flechsig, P. Meine myelogenetische Hirnlehre mit biographischer Einleitung, 1928, Berlin 
Fulton, J. F Physiology o' the nervous system, 1938, Oxford Univ Press 
Kappers, C. U. Ariens, Huber, G C. and Crosby, E. C. The comparative anatomy of 
the nervous system of vertebrates, 1936, The Macmillan Co. 

Lashley, K. S. Brain mechanisms and intelligence ^ 9 ^ 0 , Univ. of Chicago Press. 
Leyton, A. S. F and SiiEiiBrNGTON, C. S. Observations on the excitable cortex of the 
chimpanzee, orangutan, and gorilla. Quart Jour. Exper. Pl'ysioh, 1917, n :i 35 - 
Ramon y Cajal, S. Histologic du Systeme Ncrvcux, 1909-1911, A Malomc et Cie, Pans. 
Smith, G. Elliot. A new topographical survey of the human cerebral cortex, being an 
account of the distribution of the anatomically distinct cortical areas and their relation- 
ship to the cerebral sulci, J. Anat, 1907, 4t 237. 

Vogt, 0 und C. Allgememe Ergebnisse unserer Hirnforschung, 1919, J A Barth, Leipzig 
VON EcoNOiio, C J Zellaufbau der Grosshirnrmde des Menschen, 1927, j. Springer, Berlin. 




VENTRICLES OF THE BRAIN AND CHORIOID PLEXUS 

the stria terrainalis, the lamina affixa. covering the thalamus and the chonoid 
plexus. Medially it is bounded by the edge o£ the body o£ the fornix and part 

of the septum pellucidum, , 

The infmoy horn curves around the thalamus, in a caudolatera! direction, 
into the temporal lobe. Within this it curves downward, forward and somewhat 
inward The roof is the tapetiim, the floor is chiefly the hippocampus. 

The fojleyhr iiorii curves backward from the body of the ventricle into the 



Fig 178.— Dousal View of Cast of Ventricles. (After Retzius.) 


occipital lobe. Its walls arc lateral and me<bal, the former being concave and 
the latter convex. The superior part of the lateral wall is formed by the tapetura. 
The greater part of the boundaries of this portion of the lateral ventricle is 
formed by the white substance of the occipital lobe. A ridge on the inner wall 
represents the ca!car avis, formed in the floor of the deeply penetrating calcarine 
fissure. 

The THIRD ventriclc has been partly described in connection with the 
diencephalon. It is an unpaired, cleft-like cavity lined with ependyma. Rostrally 
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CHAPTER 19 

VENTRICLES OP THE ERAIN AND CHORIOID PLEXUS 


VENTRICLES 

The ventricles arc the cavities lonncd by folding of the rostral part of the 
neural plate. They arc continuous with the central canal of the spinal cord, 
hut constitute large, irregular spaces, nonnally filled \s'ith cerebrospinal fluid. 
There arc four ventricles, named respectively, the lalcral (first and second) in 
each cerebral hemisphere ; the third, in the dienccphalon, extending slightly into 
the telencephalon; and the fourth, the cavity of the medulla oblongata. 

Tlie iutcri’Ciilncuhr forauicit (foramen of Monro) on each side connects 
the lateral ventricle ;\iih the third ventricle. This is a small, rounded opening 
2 to 4 mm. in diameter through which (he lateral ventricles communicate with 
each other, indirectly, as well as directly with the third ventricle. Due to the 
great extension of the hemispheres backward in the development of the brain, 
the foramen of Monro opens into the rostral part of the adult lateral ventricle. 
The cerebral aqueduct (aqueduct of Sylvius) connects the third and fourth 
ventricles. This is a narrow passageway about 15 mm. long, lying between the 
quadrigeminal plate and the tegmentum of the midbrain. The central part is 
somewhat expattded av;d was called the rcnfnV/f of the nitrfbrain by Retrius 
It is surrounded by the central gray substance of the midbrain 

The LATERAL VENTRICLE On cach sulc is an elongated ciir\'ed cavity divided 
into anterior horn or cornu, body or fare centralis, posterior horn and inferior 
horn (Figs. 178 and 179). 

The anterior horn or cornu extends from the foramen of Monro into the 
frontal lobe. In the embryo it continues into the olfactory bulb, but this cavity 
becomes obliterated in the human adult. It is bounded above, partly below, and 
rostrally by radiating fibers of the corpus callosum. The lateral wall and part 
of the floor is formed by the head of the caudate nucleus, the ventricle curving 
laterally in front of the latter. The medial vvall is formed by the septum 
pellucidum. Chorioid plexus extends through the foramen of Monro into the 
anterior horn, forming part of its floor. 

The body (pars centralis) is a horizontal cleft extending from the foramen 
of Monro to the region of the splenium of the corpus callosum, where it divides 
into anterior and posterior parts. The lateral part of the cleft inclines forward 
toward the anterior horn. The roof of the body is formed by the corpus callosum. 
The lateral floor is formed chiefly by the caudate nucleus. More medially bes 
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VENTRICLES OF THE BRAIN AND CHORIOID PLEXUS 

the stria terminalis, the lamina affixa. covering the thalamus, and the chorioid 
plexus. Medially it is bounded by the edge ot the body of the fornix and part 
of the septum pellucidum. 

The inferior horn curs'es around the thalamus, in a catidolateral direction, 
into the temporal lobe. Within this it airves dowmvard, fonvard and somewhat 
inward. The roof is the tapetum, the floor is chiefly the hippocampus. 

The posterior horn curves hadcivard from the liody of the ventricle into the 



occipital lobe. Its walls are lateral and medial, the former being concave and 
the latter convex. The superior part of the lateral wall is formed by the tapetum. 
The greater part of the boundaries of this portion of the lateral vcntncle is 
(omied by the white substance of the occipital lobe. A ndge on the inner wall 
represents the calcar avis, formed in the floor of the deeply penetrating calcarine 
lisMjre. 

The imRi) VENTRICLE has 'been partly described in connection with the 
diencephalon. It is an unpaired, eleft-iike lined with ependyma. Kostrally 
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it is bountled by tbc tcrminalis. tlic anicrfor cointiiisstire arid the pillars 

of the fornix. Posterior bonmhrics are tbc lial>eniilar and |>ostcrior conitnissines, 
below u'liicli it continues into the aqueduct of Sylvius. The lateral walls are 
formed by the medial surfaces of the lltafamus and the hyiwtliafamus. The roof 
is formed by a thin epithelial layer, attached to the upper surface of the 
habenulae and more rosirally, to the taenia of the thalamus. Above the epithelial 
plate lies the chorioid ])Ic.\us of the third ventricle. 

The rouwTii vn.vTft;ci.n tapers rosiral/p and caudally and has a wide lalcfal 
recess on each side. The narrow rostral i«rt cojitiniic.s Jtito tlie aqueduct of 
Sylvius. The caudal (jart tapers lilcc a i>cnpoint, and is called the calamus scrip- 



Fig 179 — Lateral Vje« of Cast of Ventricles. (After Retzius.) 


ioHtis. It contnnics into the central canal of tbc cord. The floor of this ventricle, 
known as the rhovtboid fossa, is formed of TOrious areas and nuclear eminences 
of the medulla oblongata. The upper part of the roof is formed by the anterior 
medullary velum and the cerebellum. The immediate roof of the caudal part of 
the ventricle is a layer of epithelium as in the third ventricle, above which lies 
the chorioid plexus At the tip of each lateral v’cntricJe there is an opening m 
the chorioidal roof known as the foramen of Kcy-Rctzius or foramen of 
Luschka. A similar opening, the foramen of ^fagcnd^c, occurs above the calamus 
scriptorius. This is considered by many to be an artefact. Through these open- 
ings the ventricular system has its communication with the subarachnoid 
space. 
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THE CHORIOID PLEXUS AND CEREBROSPINAL FLUID 


The chorw,d plexus (Fig. 180) is a rich network of p.al Wood vessels m the 
lateral ventricles and in the third and fourth ventricles of the brarn. Folds of 
pia mater known as the tela clwriodea, with tufts of blood vessels, push into 




Fjc. 180. — Djagra^i of Choroid Plfxuses. 


t!ie Lrain cavities throxigh the thin, ependymal roofs of the third and fourth 
ventricles and through the similar chonoidal fissures of the lateral ventricles. 
Carrying the ependyma before them, they form a tortuous mass "with villus-like 
projections. The chonoid plexuses of the lateral and of the third ventricles are 
continuous at the foramina of Monro In the lateral ventricle the plexus lies 
chiefly in the body, following the curve of the caudate nucleus and fimbria of 
the fornix to the tip of the inferior horn in the temporal lobe. The anterior and 
posterior horns of the lateral ventricle are devoid of chorioid plexus. 

The chorioid tela of the third ventricle {velum interposition) forms a dupli- 
cation of pia mater between the fornix, on the one hand, and the thalamus and 
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it is bounded l)y the lamina tcrminalis, the anterior commissure and the pillars 
of the fornix. Posterior boundaries arc the liabenular and jwstcrior commissures, 
below which It continues into the aqueduct of Sylvius. The lateral walls are 
formed by the medial surfaces of the tltalamus and the fjypotlialamus. The roof 
is formed by a lliin epithelial layer, attached to the upper surface of the 
liabcnulac and more rostrally, to the taenia of the thalamus. Above the epithelial 
plate lies the clioriold plexus of the third ventricle. 

The rouKTii vxntjuci-i: tapers rostrally and candally and has a wide lateral 
recess on each side. The narrow rostral part continues into the aqueduct of 
Sylvius. The caudal iKirt tapers like a iKnqwim, and is called tlic calamus scrip- 



Fic. 179 — ^I..ATEiuv\. Vitw OF Cast of Vcxtricles. (After Retzius) 


toriiis. It continues into the central canal of the cord The floor of this ventricle, 
known as the rhomboid fossa, is formed of various areas and nuclear eminences 
of the medulla oblongata. The upper part of the roof is formed by the anterior 
medullary velum and the cerebellum. The immediate roof of the caudal part of 
the ventricle is a layer of epithelium as in the third ventricle, above which lies 
the chorioid plexus. At the tip of each lateral %'entride there is an opening in 
the chorioidal roof known as the foramen of Key-Rctcius or foramen of 
Liischka. A similar opening, the foramen of Magcndic, occurs above the calamus 
scriptorius. This is considered by many to be an artefact. Through these open- 
ings the ventricular system lias its communication with the subarachnoid 
space. 
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cerebrospinal fluid and dilatation of the cerebral ventricles. The direction of 
flow from the ventricles is downward through the foramina of Luschka into the 
space about the medulla oblongata. Some cerebrospinal fluid may be regarded 
as formed in the subarachnoid space by the chorioid plexus projecting through 
the foramina of Luschka. From the perimedullaiy' space the fluid reaches other 
parts of the subarachnoid system. 

lly replacing the cerebrospinal fluid with air through injection directly into 
the ventricles the outlines of the latter can be determined with the x-ray. 
Changes in shape, due to growths or pressure, can be detected. A knowledge 
of the boundaries of the ventricles is important m interpreting such photographs. 


Arachnoid Irabecuio.. 
Subdural space. 

Arachnoid membrane 

1 Pia moier. 


Arachnoid villus. Dura malet*. 

Superior sQqihal sinus. 
Endolheliu'm. 



Subarachnoid spoce 


Corfex cerebri. 


Fig. i8i.— Coronal Section or Meninges and Cerebral Cortex to Snow Relation of 
Arachnoid Villi to Dural Venous Si.vus. (From L. H Weed ) 


The subarachnoid space (Fjgs. i8i and 182) of the cranial cavity, like that 
of the spinal canal, lies between the pia mater and the arachnoid coat. In the 
cranium the latter is a thin, avascular membrane, sejiarated from the dura 
iiiaier by a thin subdural space which contains a small amount of subdural fluid. 
The arachnoid coat entirely covers the brain, and continues over the cord. It 
does not, however, dip into the suld or fissures, and at the base of the brain 
there are large subarachnoid cavities or cisterns. The result is that over the 
g>-n there is but a thin layer of cerebrospinal fluid. In the fissures and sulci the 
layer is deeper, according to the depth of the furrows. 

The ccrchcUomcdunary cistern (cisterm nnigna) )s the largest of the sub- 
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third ventricle, on tlic other hand. From the floor of the si»cc the choriold plexus 
hangs into the ventricle on each side of the midlinc as a lobulated, longitudinal 
mass, soixiratcd from the ventnetifar cavity hy ependyma. 

A longitudin.il strand of blood vessels im-aginates the ependymal roof of the 
fourth ventricle on each side of the midlinc. At the base of the triangle formed 
by the tela of the ventricle the two plexuses join. From each side an extension 
passes into the lateral recess and projects into the subarachnoid space through 
the foramen of Luschka. The chortoid plexus of the fourth ventricle is more 
extensive than that of the third ventricle. 

The cnRCRROSiMNAL FLUin is formed in the chorioid plexus, as shown by ex- 
perimental methods. It lias been suggested that slight additions come from the 
perivascular spaces in the brain, cord and meninges. Possibly ependymal cells 
of the ventricles and spinal canal add to it. Tlicrc are indications of secretory 
cells in certain areas of the ventrienbr cpcndvTna. The rale of formation varies 
with a nninher of factors, among which arc hydrostatic pressure of the blood, 
variations in venous pressure, changes in osmotic pressure of the blood, etc. 

As to method of formation, two theories have been advanced, namely, (i) 
that the cercbrosfjinal fluid is secreted hy the epithelial cells of the ple.'cus, 
(2) that the plexus acts as a dialysing membrane through which the cerebro- 
spinal fluid forms in equilibrium with Wood pressure. Both views liave experi- 
mental and clinical support, but neither one has been demonstrated to the 
exclusion of the other. 

CtHc ccrcbrospin.*»l fluid functions as a mechanical protection of the brain and 
cord. It helps support the weight of the brain, serves as a buffer, etc. It has also 
been suggested that the fluid carries away from the central neiv'ous system cer- 
tain products of metabolic activity of nerve cells, Cushing holds that it receiv'es 
and distrilnitcs part of the secretion of the posterior lobe of the hypophysis.^ 

The epen(l)mal epithelium lining the chorioid plexuses is greatly increased 
in area by the numerous tufts of vessels pushing into it. A total area of more 
than one square meter has been estimated in man. The cells are cuboidal 
epithelium of ectodermal origin, arranged in a single layer. They may contain 
inclusions or fatty droplets. The free surface has been described as showing 
a brush border. Cilia also have been described. The epithelial cells are regarded 
as secretory and possibly selectively absorptive. Qark (1928) has demonstrated 
nerve fibers in the chorioid plexuses by histological methods. Finesinger and 
Putman (1933) have shown that constriction of the vessels of the chorioid 
ple.xus IS produced by stimulation of the cervical sympathetic trunk, while 
dilatation results from stimulating the -x'agus. 

The cerebrospinal fluid collects in the ventricles. The total amount appears 
to vary greatly, 65 to 180 cc. being reportetl. Undue secretion of fluid or 
obstructions in the normal channels of the ventricular system, such as in the 
foramen of Monro, the aqueduct of Sylvius or the apertures of tlie fourth 
ventricle, may cause hydrocephalus, in which there is an increased amount of 
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perivascular space is regarded as a continuation of the subarachnoid space. 
Whether or not it extends to the smaller divisions of the blood vessels is 
disputed. 

Arachnoid villi (pacchioman bodies) are elevations of the arachnoid which 
project into the superior sagittal sinus, especially. They are attached to the 
arachnoid by a stalk, through which the subarachnoid space continues into the 
cavity of the villus. The arachnoid viHi provide the chief outlet for cerebro- 
spinal fluid into the venous circulation. Dyes injected into the subarachnoid 
space have been recovered in the blood stream in ten to thirty seconds. They 
have not been found in the lymphatics until much later. 

A knowledge of the subarachnoid cisterns and the channels leading from them 
IS of importance in encephalography. By displacing the cerebrospinal fluid of 
the subarachnoid space with air, as in ventriculography, x-ray pictures can be 
made of the outlines of the brain surface and of abnormalities in the width of 
the subarachnoid space. 
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arac/inoi({ spaces m (fie crantaf cavity. It is produced I)>- the bridging of the 
arachnoid from llic posterior part of the inferior ccrcl)cllar surface to the 
dorsal surface of the medulla oblongata. The fluid in this cavity is continuous 
with that of the stiharachnoid space of the spinal cord. Tlirough the apertures 
leading from the fourth ventricle it is also continuous tvith the fluid of this 
ventricle. 

The pondne dslcni (dstcrua pottlis) is continuous witli tlic dsterna magna 
and with the subarachnoid space surrounding the medulla oblongata. 

The intcrpcdiiuctilar cistern {cistenia utferpcdiinciilaris) lies in front of the 
I)ons, in the deep hollow formed between the cerebral peduncles. A cojisidcraWe 



Fig. 182. — Diagram of Surabaciinoip Space, Siiowunc RFi.ATioN to Nertous Tissue. 
(From L. H. Weed.) 


chaunel leads toward the fissure of Sylvius on each side. It contains the middle 
meningeal artery. 

The chiasnwtic cistern (cisferna chiasniads'} lies in front of the optic chiasma. 
Between the hemispheres the cistern of the chiasma continues upu'ard in front 
of the corpus callosum. The anterior meningeal artery lies in tills space. 

The blood vessels to and from the brain pass through the subarachnoid space 
They become surrounded as they penetrate into the nervous tissue by two layers 
of connective tissue between which is a space (Virchow-Robin) ^bridged at 
intervals by connective tissue strands. The inner wall of this space is a con- 
tinuation of the arachnoid, merged with the tunica adventitia of the blood 
vessel. The outer sheath is formed of a layer of pia mater, astrocytes, etc. The 
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THE OPTIC SYSTEM 

the greater part of the cup is found the nervous zone or />ars optica. The 
hoiinclary of the two in the adult is formed by a wavy line encircling the retina, 
known as the ora serrate. 

The lens develops from the outside ectoderm. A thickening of qiithehum, 
the anlage of the lens, is first fonned opposite the optic cup (Fig. 185). This 
invaginates into a vesicle and eventually is pinched off from the e.xtenia! ecto- 
derm in such a manner that it lies at the opening of the optic cup, nearly filling 



Frc 183 — Karlv Devfu>pment of Human Rftina. 

Redrawn from Rarlclmey and Evan^ 

the cavity of the latter. In embryos of 8 mm., it has become a sac with a thin 
wall toward the body surface anti a thick wall on the side toward the retina 
The thin portion of the wall is formed of low columnar epithelium and becomes 
the lens c('tthcliuni The thick inner wall is formed of tall cells w’hich continue 
to increase m Jeng-th so that in embi^’os of about seven weeks the lens cavity has 
been oliliterated. The elongated cells lose their nuclei and the cells become tlic 
lens fibers. After the beginning of the third month of development additional 
lens fibers are formed from cells of the epithelial layer. A capsule is formed 
about the lens from the epithelium. 
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CHAPTER 20 
THE OPTIC SySTEM 

The optic or visual system consists of the eye, optic nerves, optic chiasma. 
optic tracts and the nuclei in vhicli the latter terminate. These nuclei are nuule 
up of cell masses in the superior colliculus, the tegmenlum of betweenhrain and 
mldhrain, and the lateral geniculate liody. Tlie superior colliculus and tegmentum 
are centers for reflex optic connections. From the lateral geniculate body fibers 
pass to the cortex of the occipital loltc as the optic radiations. These end diiefly 
in the region of the cuneus, which serves conscious vision. 


THE EYE 

The c>c is a complex organ whose ncuro-cpithclial sensory part, the retina, 
is so dependent uiwn accessory structures for its proper functioning that the 
entire organ will he described. The retina itself is derived from the forebrain. 
Bartelmctz has shown that the optic placode, the thickening of the brain wall 
which gives rise to the retina, is present In a human embiyo of 4 mm., in the 
open neural plate stage. As the neural plate folds up the thickened part which 
fonus the optic placode assumes a lateral position on each side (Figs. 183 and 
184), The placode pushes outward, forming an optic vesicle hy the 4 mm. stage. 
By invagination of the outer part of the wall of the vesicle, an optic cup is 
formed which remains attached to the forebrain wall by a hollow optic stalk 
(Fig 183). The invagination extends along the ventral side of the optic stalk 
toward the brain, forming a fissure in the lower part of the optic aip. This is 
the cliorioid fissure. Normally it closes during the sixth or seventh week of 
embryonic bfe, so that the optic cup becomes complete, with a circular rim 
In the meantime, however, a blood vessel has entered the optic stalk and optic 
cup throxigh this fissure. As the margins of cup and fissure meet, the blood 
vessel becomes enclosed. It becomes the central artery of the retina 

The invagination of the optic vesicle results in two layers of the optic cup. 
The inner layer develops into many strata of cells and becomes the retina 
proper. The outer layer acquires a pigment, fusciu, and becomes the thin pig^ 
vtented la\er. The space between the two layers disappears with the growth of 
the retina so that the pigmented cells of the outer layer come to He against the 
outer, or rod and cone, layer of cells of the invaginated portion. 

Two regions may be recognized in the inner or retinal layer of the optic cup. 
Bordering its margin there is a non-nervous zone, the pars caeca, and occupying 
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surface of the lens. This is the anterior chamber. The stroma of the iris, Eormeti 
from the mesoUerm of the chorioid layer, together with a layer of pigmented 
epithelium from the pigment layer of the retina and the pars caeca of the retina, 
anterior to the ora serrata, form the curtain-like iris. This separates the anterior 
chamlier from the lens save at the pnpil It also separates the anterior chamher 
from the posterior chamber, which lies between the iris and the suspensory liga- 
ments of the lens. 

Tiic nervous layer of the retina increases in thickness by proliferation of 
cells The outermost layer of cells liecomes differentiated into the neuro- 
epithelial rod and coue cells. The nuclei of these cells form many layers hut 
this indicates merely a pseudostratification. Another zone of many layers of 



Fig i8s— Diagram Representing Stages op Invagination of Optic and Lens Vesicles. 

//. cavity of the optic vesicle; D, cavity of the optic cup. C, lens vesicle. From Cowclry, 
Spcoal Cytology, Paul D. Hoeber, Inc.. New York, 1932. 

nuclei is due to the bipolar cells which arc nerve cells. The innermost layer of 
cells is made of the large ganglion cells. These cells give rise to nerve fibers 
which converge from all parts of the nervous region of the retina toward the 
chonoid fissure while that is still open They enter the fissure and extend, by 
growth in length, along the optic stalk toward the brain On reaching the brain 
they decussate as the optic chiasma, and continue their growth to the optic 
centers. These fibers constitute the optic nerve and optic tract. As the chorioid 
fissure of the retina closes up the fibers become encased by the retinal walls as 
a bundle which passes through the retina. This is the head of the optic nerve. 
The optic stalk is gradually attenuated by the drawing of the eyeball farther and 
farther away from the brain, as the head develops. Eventually its connection 
with the brain is lost or it remains as a fibrous strand along the optic nerve 
which used the stalk as a bridge to the brain in its own development. 

A condensation of mesenchyma forms a dural sheath around the optic nerv’e 
which corresponds to the dura mater of the brain. A thinner immediate covering 
constitutes the pht sheath. The sclera of the eyeball is regarded embryologically 
as corresponding to the dura mater, and the chorioid to the pia of the 'brain. 

In the advilt the cornea forms the anterior segment of a sphere with a radius 
of about S mm , attached to a larger posterior segment, the sclera, whose radius 
IS about 12 mm. The line of attachment is called the sulcus of the sclera. The 
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A TF.XTlsboK OF KF.URO-A\ATOitY AS'D THE SENSE ORGANS 

The lens c.nn he formed from cclodemi of other pans of the body than tint 
normally lonnd over the optic cup. Lewis transplanted flank ectoderm to the 
optic cup rcRinn, in frog ladiwlcs. and ohtained well formed lenses. Apparently 
there is .some interaction hetween the developing optic ctip and the skin ectoderm 
wliicli restilts in the modification of the latter. 

While these developmental processes arc tak-ing place in the ccloderinal derira- 
tives, mesoderm has formed alwiit the optic cnji. Mesenchymal cells lave 
migrated hetween tlic lens and the omsiile ectodenn, and also into the cavitv of 



Fig. tSv — S ections Snowisc Esblv Stages i.n FonsiATiov OF Husian Orric Cur. 


Kftlraw} frotn Bsrtcimey and Evans. 


the optic cup. The niesench^wal ceJIs witliin the cup remain in an enibO'ouic 
condition. They give rise to the vitreous body which fills the cavity of tJie eyeball 
behind the lens. 

The mesenchjTne in front of the lens and in contact with the pigment layer 
of the retina condenses into a firm layer. In front of the lens this becomes the 
fibrous part of the cornea, an anlerior and a posterior layer of epithelium being 
added. The mesoderm externa! to the pigment layer becomes the scleral and the 
chorioicl coats of the eyeball. The former is the outer coat and is continuous 
with the cornea. The chorioid coat acquires numerous blood vessels by the sixth 
week of the embryo, tliese vessels being the chief supply of the eye. Beyond the 
ora serrata the chorioid layer differentiates into the unstriated ciUaty muscle, the 
folds of the ciliary bodies, and the slrotna of the iris. 

A space develops in the mesenclyine between the cornea and the anterior 
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surface of the lens. This is the aiKmor chamber. The stroma of the in's, formed 
from the mesoderm of the choiioid layer, together tvitU a layer of pigmented 
epithelium from the pigment layer of the retina and the pars caeca of the retma, 
anterior to the ora serrata, form the curtain-like iris This separates the anterior 
chamber from the lens save at the pupil. It also separates the anterior chamher 
from the posterior chamber, which lies between the iris and the suspensory liga- 
ments of the lens. 

The nervous layer of the retina increases in thickness by proliferation of 
celU. The outermost layer of cells becomes differentiated into the neuro- 
epithelial rod and coue cells The nuclei of these cells form many layers but 
this mchcates merely a pseudostratification. Another zone of many layers of 



Fig 185— Diagzak 'RrJzzsT.uriuo Stages ot luvACiSAtiou or Orrve avo k.r.us Vssicles. 

A. cavity of the optic vesicle, B, cavity of the optic cup. C, lens vesicle. From Cowdry, 
Sf-efial Cytohffy, Pan! B Hoeber, Inc. Neiv York. 1932. 

nuclei IS due to the hil^olar cells which are nerve cells. The innermost layer of 
cells is made of the large gauglhn cells These cells give rise to nerve fibers 
which converge from all parts of the nervous region of the retina toward the 
choTioid fissure while that is strtl open. They enter the fissure and extend, by 
growth in length, along the optic stalk toward the brain. On reaching the brain 
they decussate as the optic chiasma, and continue their growth to the optic 
centers These fibers constitute the optic nerve and optic tract. As the chorioid 
fissure of the retina closes up the fibers become encased by the retinal walls as 
a bundle which passes through the retina. This is the head of the optic nerve 
The optic stalk is gradually attenuated by the drawing of the eyeball farther and 
farther away from the brain, as the head develops Eventually its connection 
with the brain is lost or it remains as a fibrous strand along the optic nerv-e 
which used the stalk as a bridge to the brain in its own development. 

condensation of mesencKj-ma forms a dural sheath around the optic nerve 
which corresponds to the dura mater of the brain. A thinner immediate covering 
constitutes the pial sheath The sclera of the eyeball is regarded embryologically 
as corresponding to (he dura mater, and the chorioid to the pia of the brain. 

In the adult the cornea forms the anterior segment of a sphere with a radius 
of about 8 mm., attached to a larger posterior segment, the sclera, whose radius 
is about 12 mm. The line of attachment is called the sulcus of the sclera. The 
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axis bctwcvn the central points of the two segments is known as the axis of the 
eye (axis onili). 

Bui.itAR I'ASCiA. — The e^ehall ts surroiimlcd hy a tliin fibrous capsule, the 
fascia of the bitlb or catsuic of Tenon, which cxtcntls from the entrance of the 
optic nerve to the junction of sclera and cornea. Between the fascia and the 
sclera lies the episcleral space which scr\’cs as a cavity, containing a small amount 
of fluid in which the eyeball rotates. The space is crossed by many fine strands 
of connective tissue. The fascia bulhl Is penetrated hy the tendons of the 
external eye-muscles whieh attach to the sclera. The fascia is reflected along 
these tendons and becomes continuous with the thin muscle sheaths of the indi- 
vidual muscles. Slips from the muscle sheaths attach to the wall of the orbit 
and are regarded as scn,’ing to cheek the pull of Ihclr respective muscles, hence 
they are called check Ugaincitls. A hand of connective tissue, the snspetisory 
Vganient of 1 -ockwood, passes like a hammock beneath the cycliall. Its ends are 
attached through the check ligaments of the medial and lateral rectus muscles 
to the respective orbital walls. This ligament is formed by the junction of the 
margins of the muscle sheaths of the interior rectus with the margins of the 
lateral and medial rectus muscles. 

ScLr.RA.— As indicated in tlic development of the eye, the sclera (Fig. i86) 
forms the outer layer of tlic bull) of the eye proper. It varies in thickness. 
Posteriorly it is o 8 to i mm. thick, at the equator about 0.4 mm., and at the 
scleral sulcus about 0 6 mm. tliick. It Is a dense, tough layer composed of white 
fibrous connective tissue occurring in fl.ittcncd bands which nm parallel to the 
surface. The bands form both equatorial and meridional layers which interlace 
with each other. Some fine clastic fibers are intermingled, but they are relatively 
few. Connective tissue cells of various types are found in spaces between the 
fibers. In the innermost layer, the lamina fiisca, numerous pigmented connective 
tissue cells occur. In children the sclera has a bluish tint because it is thinner 
than in the adult and, for this reason, the pigment of the chorioid coat shows 
through. 

Posteriorly, about 3 mm. to the medial side of the posterior pole, there is a 
funnel-shaped opening in the sclera through which the optic nerve enters the 
eyeball by a series of perforations, the lamina crihrosa of the sclera (Fig. 192). 
The myelin sheaths of the optic fibers disappear at this point so that the inner 
part of the opening in the sclera, through which the naked nerve fibers pass, is 
narrower than the outer border. The sheath of the optic nerve is continuous 
with the outer part of the sclera. Small apertures, 15 to 20 in number, for the 
ciliary nerves and short ciliary arteries, and four openings, two above and two 
below, for the veins from the chorioid coat, penetrate the sclera near the 
entrance of the nerve. Anteriorly the sclera is penetrated near its sulcus by the 
anterior ciliary arteries. At the junction bchveen sclera and cornea there is a 
circular canal, the ji»nj vcnostis of the sclera, or canal of Schlcmm, which in 
section appears as a cleft. It is lined with endothelium and drams into the 
246 



THE OPTIC SYSTEM 


anterior ciliary veins, serving to carry off excess fluid from the anterior cham- 
ber of the eye 

The external surface oi the sclera, the episclera, is Jess dense and its bundles 
of fibers become more slender, with more numerous and coarser elastic fibers. 
There is a gradual transition into the loose tissue of Tenon’s space. The episclera 
has a rebtii’ejy rich blood supply, in contrast to the paucity of vessels in the 
sclera itself. 

XatKior surface of leas 



Fig i86— Hobjzostai. Section' of Right Eyfball. 

From Jackson-Morris, lUmm Anatomy, P. Blakiston’s Son & Co, Philadelphia, 1933 
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The CORNHA (Fig. 187) is continuous at the sclcrocorncal junction with the 
tissue of t!ie sclera. It consists, however, of five distinct layers with properties 
very (lifTcrcnt from those of the sclera. Tlic outermost or epithelial layer, more- 
over, is derived from the outside ectoderm of the cmbi^'o, while the main mass 
of the cornea, like the sclera, is derived from mesoderm. Together with tlie lens 
of the eye and the vitreous body the cornea lias the property of transparency, 
for which there has been ofTcred no adequate histological explanation. 

The layers of the cornea arc as follows from without inward: (i) epithelium, 
(2) anterior clastic lamina or llowmait’.s incmbranc, (3) substantia propria, 
(4) posterior elastic lamina or Desccnict’s nicmbranc, (5) cndotlielium of 
anterior chamber or Dcsccmet’s endothelium. The epithelial layer is five to six 
cells (37 to 58 microns) thick in man. Its surface is smootlu There are three 
zones, namely, (i) the superficial layer of flattened cells, three or four cells 
thick; (2) the intermediate layer, one cell thick; and (3) the basal layer, made 
of perpendicularly arranged columnar cells whose bases rest on Howman’s mem- 
brane. 

Intercellular spaces arc described between the basal cells, the narrower ones 
crossed by protoplasmic bridges. These spaces have not been traced beyond the 
intermediate layer of the epithelium, but they become wider toward Bowman's 
membrane. They contain a fluid called cpUUcUal lymph by Flemming, which may 
harbor wandering leucocytes, pigment granules or fragmenting nuclei. 

The autcfior clastic lucmhrane, also called Doxvman's inenihrane, is 10 to 16 
microns thick and merges into the substantia propria, of which it is the special- 
ized surface layer. It difTers from true clastic tissue in its staining qualities. At 
the margins of the cornea this mcnihranc fades away into the substantia propria. 

The substantia propria of the cornea appears homogeneous in the fresh 
condition, but when fixed it shows modified fibrous tissue with some elastic 
fibers It makes up 90 per cent of the thickness of the cornea. The connective 
tissue is arranged in lamellae roughly jKirallel to the surface. Between these are 
spaces or lacunae of the cornea. These are irregularly stellate in form and com- 
municate with each other. They contain flattened corneal cells and lymph. The 
comeal cells are greatly flattened, having a diameter of is to 27 microns and a 
thickness of but 2 microns. Their long, irregular processes form a network, 
described as made up of joined processes of adjacent cells. Migratory leucocytes 
are also found in these spaces. 

The posterior clastic layer, or Descemet’s membrane, is elastic in nature and 
tends to curl up when detached. Its staining reaction is also that of elastic tissue. 

It is a clear, acellular membrane, loosely attached to the substantia propria, and 
having a thickness of about 6 microns at the center and about 10 microns at the 
periphery of the cornea. It is a product of the endothelial cells which cover its 
deep surface and can be regenerated from these cells when injured. 

The endothelium of the anterior chamber, or Dcscemet’s endothchum, con- 
sists of a single layer of cells 18 to 20 microns in diameter and 5 microns thick. 
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These cells are regarded as highly spccialircd endothelial elements. The layer 
is renected onto the anterior snrfacc of the iris. 

The Pectinate Ligament of the Iris,— At the junction of sclera and cornea 
Dcsccmct's membrane splits into bundles of fine interlacing fibers, which form 
a triangular area known as the pectinate ligament of the iris. The spaces between 
the trabeculae of fibers, known as the s/'aces of the angle of the iris or spaces of 
rnniana, arc lined with endothelium continuous with that of the anterior cham- 
ber, on the one hand, and with the endothelium of the venus sinus of the sclera 
or canal of Schlcnim on the other hand. These sjiaccs form the channels through 
wbicli fluid from the anterior cluimbcr may pass into the canal of Schlemm, 
which in turn drains into the anterior ciliary veins, as previously stated. 

The sinus venosus of the sclera or co$ml of ScUlenun api'cars in meridional 
section as a narrow cleft in the deeper part of the sclcrocorncal junction. Its 
outer wall is formed by the sclera, hut its inner wall is formed of the mass of 
trabeculae and sjviccs which constitute the pectinate ligament of the iris above 
described. 

The ciiORioin COAT or cnoRioinnA lies beneath the sclera, to wbiclt it is 
attached. It consists of loose connective tissue, hlood vessels and pigmented 
connective tissue cells. In the fresh condition It is a soft, clastic membrane of 
brownish color, due to the pigment. Usually three layers are dcscrilicd, but Arey 
divides it into five lasers, which, starting from the outside, are as folIoNvs 
(i) suprachorioid. (2) blood vessel layer, (3) supracapillary layer. (4) capil- 
lary layer, (5) clastic layer, which joins with the cuticnlar layer of the pigmented 
epithelium of the retina to fonn the lamina hasaVis. The suprachorioid is a series 
of sheets of connective tissue which connect the chorioid with the sclera. Six to 
eight lamellae may overlie each other hut they arc fewer posteriorly. The clcft- 
like spaces between constitute the pcrichorioidal space. Two long posterior ciliary 
arteries pass through this space, but there arc no intrinsic supracliorioidal blood 
vessels. It has. however, a plexus of nerves in the lamellae Toward the ciliaty 
body smooth muscle fibers appear over the surfaces of the supnichorioidal 
lamellae. These are arranged in flattened stellate masses which become numer- 
ous toward the ciliary body and finally join with the ciliary muscle. The peri- 
chorioidal space is regarded by some as a Ijinph space, by others as a bursa due 
to movement of the ciliary muscle in accommodation. 

The blood ‘urssel foyer shows an outer layer of larger vessels and an inner 
layer of smaller ones, but with no distinct intervascular space between them- 
Arteries appear to be more abundant in the outer layer. They are derived frorn 
the short posterior ciliary arteries which penetrate the sclera around the entrance 
of the optic nerve and form a plexus in the vascular layer. These arteries have 
well developed muscle coats, including longitudinal fibers in the larger vessels 
The veins are tortuous vessels without muscle in their walls, but surrounded 
by perivascular lymph sheaths. They converge into the venae vorticosae, two 
above and two below the equatorial plane, wWch drain the chorioid coat. The 
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connective tissue between the blood vessels contains flattened stellate pigmented 
cells. These chromalofhorcs are closely associated with the blood vessels. The 
inner pan ol the blood vessel layer is made up of smaller vessels and capillaries, 
and by some is difSerentiated into a chonocapillary layer. In the eyes of many 
anmiais, as the ox and the horse, the posterolateral part of the chorioid, known 
as the la/'c/ian, shows an iridescence, wliich is considered by some as aiding 
nocturnal vision. The iridescence is due to a marked fibrous condition of the 
zone between the blood vessels of the vascular layer (horse) or to many layers 
ot flattened iridescent cells just outside the choriocapillary layer. The siifritcaptl- 
lary layer lies between the later of large blood vessels and the cboriocapillary 



Tic {88 — Sf-ctiox Through the U^yers of the Evt; Near the Macula Recwh. 

From Bremer, Textbook of Histology, P Blakislon’s Son & Co , Philadelph'®. 

layer It is made up of a fellwork of fibrils and stroma cells, and a chorioid 
tapetum. 

Tbe basal tncmhraac or Bruch's mciiifirffiic is a noncellular, highly refractile 
sheet about i micton thick, b\tl incfcasmg toward the optic nerve and toward 
the edge of the retina. 

Retina — The adult retina (Figs. i86, i88. 189 and 190! has an outer pig- 
mented layer and an inner visual layer. External to the pigmented layer is a 
basal layer, upon which the hexagonal pigment cells rest The free ends of these 
ceils have pseudopodia-like processes which - interdigitate with the rods and 
cones of the visual lajer. The pigment cells have a diameter of about 16 microns 
and are about 8 microns tall. Th^ are taller at the fovea. Each cell covers 
about nme cones in the fovea and a larger number of both rods and cones 
elsewhere in the retina. The extension and retraction of tbe pigmented processes 
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in relation to the amount of light entering tlic eye ha? been thoroughly studied 
in lower vertebrates by Arcy. When much light enters the eye the processes 
extend so as to cover the rods and cones with pigment, thus reducing the 
stimulation to these ncuro-epilhclial stnictiires. Under conditions of less light 
the processes retract, exposing the ro<ls and cones. In man the migration of 
pigment is regarded as slight. 

With ordinary liistological methods the retina shows ten lasers, including 
the pigmented layer. From without inward 
these arc; (i) the pigmented epithelium; 
* (2) rods and cones; (3) external limiting 
membrane; (4) outer nuclear or granular 
haver; (5) outer plexiform or molecular 
layer; (6) inner nuclear or granular layer; 
(7) inner plexiform or molecular layer; 
■* (S) ganglion cells; (9) nerve fibers; (10) 
internal limiting membrane. 

From the viewpoint of functional ele- 
ments, however, there are only four lajers, 
i » namely : ( i ) the pigmented layer, already 
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Fio 189— Vertical Section of Bacil- 
lary Layfr or Retina of a Twfntv- 
rOUI*-YF.AR-OLO MaN, IN TTIF. RmiOX 
of the Fovea Centralis. 

, pigment layer; s, rods and cones. 


eluding the rods and cones, with their cell 
• Ixxlics and processes; (3) the bipolar cells, 
which have dendritic processes synapstng 
with the processes of the rod and cone cells. 
■ on the one hand, and an axon tuft which 
synapses with the dendrites of the ganglion 
cells, on the other hand; (4) the ganglion 
cells, ivhich collect stimuli from many bio- 
the outer segment stained dark; 3, fiber polar cells and through their axons, form- 
baskets ("rod sockets”), comprising tlie optic nerve, convey the stimuli to 

^ The neuroephheHai layer includes 

cone, 6, nucleus of rod visual cell, layers 2, 4. ^md part of 5. while the layer 
(Eisler.) From Jordan, A Texibook of of bipolar cells includes the inner part of 

S 6 The 

ganglion cells (layer 8) sertdtheir dendntic 
processes into layer 7 and their axons make up layer 9. '■ x" ' 

The supporting elements of the retina are neuroglial cells, in keeping with 
its derivation from the embryonic brain %vall. The principal elements are the 
radial fibers or fibers of Miiller. These are elongated cells extending from the 
internal limiting membrane to the external limiting membrane. The external 
membrane is formed by the fusion of the radial fibers in the tangential plane. 
The membrane is perforated with numerous openings through which the rods 
and cones project. The nuclei and processes of the neuro-epithelial cells lie 
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below the openings, in the outer nuclear and outer molecular layers. External 
to the membrane short processes extend from the Muller fibers to form fiber 
baskets about the rods and cones. The external membrane thus serves to hold 
the receptor elements in place. 

The nuclei of the Muller fibers are found in the inner nuclear layer, among 
those of the bipolar cells. The Muller fibers are regarded as forming a syncytium 
in the retina, by branching and anastomosis of delicate processes which hold 
the various elements of the retina in place. The basal ends of the Muller 
fibers are cone shaped, with broad bases. The edges of these bases are attached 
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Fig. iqo— Schematic Sectiok of the Human RF.TrNA (Greeff). 

I, pigmented epithelium , II, rod and cone layer; III, outer nuclear layer ; IV, outer plexi> 
form la>er, V’VII, inner nuclear layer; V, horizontal cells, VI, bipolar cells; VII, 
amaenne cells ; VIII, inner plexifomi layer ; IX, ganglion cell layer ; .V, nerve fiber layer. 
At the right is a Muller’s fiber. From Cowdry, Special Cytolor/y, Paul B. Hoeber, Inc, New 
York, 1932, 

together to form the internal limiting membrane. In addition to the radial fibers 
of Muller there are neuroglia cells with horizontal branches. It will be noted 
that the neuroglial elements do not e.xtend to the ends of the rods and cones 
or to the pigmented layer. In detachment of the retina separation occurs between 
the rolls and cones and the pigment layer. 

The neuro-epithclial cells are of two types, namely, rods and coues. They are 
the photoreceptors. Developmentally they represent the outer layer of cells of 
the optic placode, which, however, rvith the folding up of the neural tube, line 
the cavity of the optic vesicle. With further development they are brought into 
close relation with the pigmented layer. 

253 





I 




A THXTBOOK OF NKURO-ANATOMV AND THE SENSE ORGANS 

in rdntion to the amount of light entering the eye has been thoroughly studied 
in lower vertebrates by Arey. When much fight enters flie e)'c the processes 
extend so as to cover the rwls and cones with pigment, thus reducing the 
slinjuhation to these ncuro-cpithelbl structures. Under conditions of less light 
the processes retract, exjwsing the rods aiul cones. In man the migration of 
pigment is regarded as slight. 

With ordinary histological methods the retina shows ten layers, including 
the pigmented layer. From ndthout inward 
these arc; (i) the pigmented epithelium; 

* (2) rods and cones; (3) external limiting 
memhrane; (4) outer nuclear or granular 
layer; (5) outer plcxiform or molecular 
layer; (6) inner nuclear or granular layer; 
(7) inner plcxiform or molecular layer; 

■* (S) ganglion cells; (9) nerve fibers; (10) 
inlcnial limiting membrane. 

From the vie^vpoint of functional ele- 
ments, however, there arc only four layers, 

* namely; (1) the pigmented layer, already 

* dc-scrilxx! ; (2) the neuroepithelial layer, in- 
’ cluifing the rods and cones, with their eel! 
< bo<Iics and processes; (3) the bipolar cells, 

which h.ive dendritic processes synapsing 
with tlie processes of the rod and cone cells, 
Fic, r8<j.~VeRTicAi. ScerroN or Bach- on the one hand, and an axon tuft which 
tARv Lavtr op RmNA OP A T«yvrv- jynapjes with the dendrites of the ganglion 

POUk-yEAB-OLD MaX, I.V THE RpfilOV ‘ , , v . 

OF THE FmEA Centbaus. cells, on the other Iwnd; (4) the ganglion 

7, pisment hrer: 7, rod, sod conn, s'™"'' 

the outer segment stained dark. 3. f»l>cr polar cells and through their axons, form- 
baskets ("rod sockets"), comprising the (ng the Optic nerve, convey the stimuli to 
...ebram.Thener.roer,i.he!ianay.rindd*s 
cone . 6, nucleus of rod visual cell, layers 2, 4, and part of 5. while the laj-er 
(Eisler ) From Jordan, ^ Texiboci of of bipolar cells includes the inner part of 

S -d hyer 6 aad of 7. The 
ganglion cells (layer 8) se ridjh eir dendritic 
processes into layer 7 and their axons make up layer 9. ' 

The supporting elements of the retina are neuroglial cells, in keeping with 
its derivation from the embryonic brain wall. The principal elements are the 
radial fibers or fibers of iU« 7 fer. These are elongated cells extending from the 
internal limiting membrane to the externa! limiting membrane. The external 
membrane is formed by the fusion of the radial fibers in the tangential plane. 
The membrane is perforated with numerous openings through which the rods 
and cones project. The nuclei and processes of the neuro-epithelial cells lie 
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do with color vision. The smaller diameter and greater crowding of cones in the 
fove.a )S regarded as related to the slrarpness of vision in this part of the retina. 
The fovea has its greatest differentiation from the rest of the retina in the 
primates an(\ especially in man. 

The bipolar cells arc ner\'c cells whose nuclei Corm the inner nuclear layer. 
They are divided into centripetal and centrifugal bipolars The centripetal 
cells form the second link in transmission of vi-^ual stimuli from the rods and 
cones to the optic centers. There arc large and small cells of this category. 
The large ones have a considerable spread of <Icn<Irittc processes which make 
synaptic connections in the outer molecular layer with from ten to one hundred 
rod or cone cells. The small bipokars are connecte<l with onl\’ one cone cell eaclj, 
none of the rod cells effecting synaptic connections with this type. The large 
bipolars thus collect stimuli from many receptor cells, transmitting them to the 
ganglion cell dendrites m the inner molecular layer. 

The centrifugal bipolar cells transmit impulses to the rods and cones, possibly 
regulatmg the excitability of these elements. The> apparently receive their 
stimuli from the ganglion cells. They have been included vmder the term 
amaerme cells, but Poljak lias dcmonstratal small axons extending to the bases 
of the rods and cones The occurrence of true amacrine nerve cells in the retina 
is unsettled. 

Horisontal cells have the function of collecting stimuli from groups of rod 
and cone cells by means of their horizontally spread dendritic processes. Their 
cell bodies and nuclei lie in the outer part of the inner nuclear layer. The 
dendrites extend into the outer molecular layer where they synapse with the 
rod and cone cells The axons also extend horizontally within the outer molecular 
layer as a rule and end in relation to the rod and cone cells of other parts of 
the retina The horizontal cells are to be regarded as association neurons. 

The gaiigltotiic cells are mtiUipolar nerve cells whose dendritic processes 
e.Ktend into the inner molecular layer. Here they make synaptic connections 
with the bipolar cells. They form the third link in the path of the visual 
unpulse. The axons of these cells form the optic nerve, carrying the impulse 
to the optic centers of the brain. These axons converge from all parts of the 
retina toward the head of the optic nerve. In their course over the retina thev 
form the ninth or nerve fiber layer. This layer is thin at the retinal periphery 
nlieie the fibers are relatively few, and becomes thick near the optic disc by 
the confluence of fibers. In their course over the retinal surface they are unmve- 
linated. They penetrate the lamina cribrosa and acquire a myelin sheath, but 
without a neurolemma. The optic nerve thus resembles a central fiber tract 
rather than a peripheral nert’e, histologically as well as embryologically. 

fotra eentralis Lateral to the papilla formed by the head of the optic nerve 
(the blind spot) there is a sliallow depression with a diameter of about i mm. 
This IS the fovea centralis. It lies in line with the center of the cornea. TJie 
retina ihuinest at the bottom of the fovea. Here the ganglion cells are present 
255 
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The rod cells arc slender elements which are divided into an outer rod and 
an inner rod fiber. The rod ni)cr lies Jjclow the external limiting membrane, 
reaching the outer molecular layer. Here it ends as a small knob which gives 
olT fine terminal processes. These form stmaptlc connections with processes of 
the layer of nerve cells. The rwl fiber contains a granular cvtoplasm and the 
nucleus is surrounded by a thin layer of cytoplasm and lies in the outer nuclear 
layer. 

The rods project through |H'rforations in the external limiting membrane as 
descrihed and reach the pigmented layer of the retina. Save in a zone near the 
ora serrata the ro<ls contain a pigment known as rhodof'sht or visual purple 
wliicit is acted tipon by light. It lias liecn rcganlcd as undergoing a chemical 
change which excites ncr\'ous impulses in the rod cells. Experimental evidence 
indicates that it has to do with adaptation of the retina to different intensities 
of light. Regeneration of visual purple appears to occur only when the inti- 
mate relation of rods and the pigment cpitlicliimi js maintained. 

The rods vary' in length from 40 microns near the ora serrata to 60 microns 
near the fovea. They have a diameter of 2 microns. They outumlicr the cones 
Imt do not have a uniform distrihiilioii. In the middle of the fovea ecniralis, 
the point of sharpest vision, the rods arc absent. At the margin of the fovea 
the rods arc found scattered among the cones. They gradually increase in num- 
ber nn<l in ratio to the cones, so that in the greater part of the retina there are 
three or four rods between each two cones. At the extreme periphery of the 
visual part of the retina the iwls again become less in number. The total 
number of rods in the human retina is estimated by Poljak as 130, 000, 000. 

The couc cells arc also divaded into two parts. The cone fiber is of larger 
diameter than the rod fiber. It varies m length, being long at the macula and 
short at the periphery of the retina. The nuclei of the cone cells are somewhat 
larger than those of the rods and arc located just below the external limiting 
membrane. The cone fibers end in terminal feet in the outer molecular layer. 

The outer segments or cones are flask-shaped structures trying in form and 
length. At the fovea they are slender elements somewhat resembling the rods, 
2.5 microns in diameter and 85 microns long. Here they number about 4000 
and are the only visual elements present. At the margin of the fovea the rods 
make their appearance and the cones become shorter and larger in diameter. 
In the fundus the cones are 7 microns broad and 32 microns long and at the 
periphery of the retina 7.5 microns broad and 22 microns long. The total num- 
ber is estimated at 7,000,000. Tlie cones have no visual purple. 

There is evidence that the rods are more important for vision in dim light, 
the visual purple being regarded by some students of the eye as facilitating 
vision under such conditions. Many nocturnal animals have only rods in the 
retina and in others only rudimentary cones are present. In some diurnal forms, 
as many reptiles, only cones are found. Casey Woods has shown that in birds 
the cones outnumber the rods. It has been suggested that the cones have to 
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Fic 191 — Schematic Represextatios of the Ixtrinsic Blood Vessels of the Eye. 
Arlenes in outline, veins in solid black, /i. choroid; c, central artery, and a„ vein of the 
retina. B, conjunctiva; b, retinal arteries, bj, retinal veins; c, c, short cihaty arteries; 

long ciliary artery , c, Cj, anterior ciliary arteries and veins ; /, choriocapillaries ; y, capil- 
laries of the ciliary body ; H, cornea ; /i, circulus major of the iridal arteries ; i, arteries, 
and ii, veins in the ins , k, circulus minor of the tridal arteries ; L, crystalline lens ; 1, venae 
lorticosae, «i, anastomosis of ciliary and anterior ciliary veins; A^ retina; »i, canal of 
Schlemm; 0 , optic nerve; o. posterior conjunctival artery, and Oj, vein, p, anterior con- 
junctival vessels, q, vascular loops at the margin of the cornea, R, internal rectus muscle; 
.S, sheath of the optic nerve. Sc, sclera (After Leber.) From Jordan, A Tertbook of His- 
tology, D Appleton-Century Co., Inc , New York, 1937. 
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in a single layer and their axons diverge away from the fovea. Also fibers 
from other parts of the retina, on approaching it to reach the optic ner\’e, 
bend around it so as to leave the fovea uncovered. Since all the light which 
reaches the neuro-cpithelial elements of the retina must pass through all of its 
layers, the arrangement in the fovea favors sharpness of vision. 

The fovea and a little of the surrounding zone has a yellow color when fresh, 
in contrast to the red color of the remainder of the retina. This zone, including 
the fovea, is therefore called the yellow spot (macula lufca). It is about 2 mm. 
in diameter and is located 3 mm. lateral to and slightly below the plane of the 
optic papilla. The yellow color is due to a pigment w’hich is more resistant to 
light than is the visual purple. 

Blood Supply (Fig. iQt). — ^Tlic retina receives its blood supply from the 
central artery of the optic nerve. This branches within the retina but there are 
no capillaries external to the outer moleailar layer. There is some anastomosis 
in the region of the lamina cribrosa with the posterior ciliaiy’ artery, but aside 
from this, there is no other source of supply to the retina. These anastomoses 
are usually merely capillary or prccapillary vessels so that functionally the 
central artery is a tcnninal artery. The central vein follows the arterj'. 

The space of Teuou can be injected by introducing tlie injection mass between 
the sclera and the chorioid coat, the mass finding its way along the walls of the 
vortical veins. This space can also be injected from the subarachnoid space 
surrounding the brain. 

The aqueous humor which is secreted or transuded by the ciliary processes 
passes first into the posterior chamber. It may then pass to the vitreous body, 
or forward through the pupil to the anterior chamber. It is drained through the 
spaces of Foutaua, at the angle of the Iris, into the canal of Schlemm. 

Aside from the optic nerve the eyeball is supplied by the ciliary verves. 
Sensory fibers from the ophthalmic nerve supply the cornea and ocular con- 
junctiva. Cranial autonomic fibers from the ciliary ganglion supply the ciliary 
muscle and the constrictor fibers of the iris. Thoracolumbar autonomic fibers 
from the superior cervical ganglion supply the radial smooth muscle fibers of 
the iris. 

CENTRAL CONNECTIONS 

The OPTIC NERVE, as already stated, corresponds to a fiber tract of the brain. 

It is covered with a dural membrane continuous with the dura mater of tlie 
brain The immediate covering of the neiv’e corresponds to the pia. Between 
these two layers is a space, corresponding to the subaraclinoid space, which 
has some loose connective tissue. The supporting elements of the optic nerve 
itself are neuroglia. They hold the nerve fibers together in bundles. 

The nerve fibers number about 1,200,000, and are derived from a similar 
number of ganglion cells in the retina. The ratio of fibers to rods and cones 
varies for different parts of the retina, the average being one fiber for each 
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100 rod and cone cells. At the fovea, however, there is one fiber for each cone 

already stated the myelin sheaths of the optic fibers normally are dis- 
continued at the lamina cribrosa, so tliat the diameter oi the nerve^ is greatly 
reduced at the papilla. Occasionally myelin extends into the interior of the 
eye, thus increasing the size of the blind spot. The optic nerve does not regen- 
erate when severed. 

The OPTIC cniASMA is formed by the crossing of optic nerve fibers. Those 
from the medial half of each retina cross, while those from the lateral halt 
remain uncrossed. The latter, witli the crossed fibers from the opposite side, 
form the so-called optic tracts. In animals with less overlapping of the fields 
of vision than in man, a smaller proportion of the optic fibers remain uncrossed. 
According to Craigie the proportion in the rat is about 20 per cent. 

The OPTIC TRACT contains, in addition to optic fibers, crossed and uncrossed, 
the foJiuinVriire of Gudden. This connects the nonoptic medial geniculate bodies 
of the two sides, its upper portion constituting the medial root of the optic 
tract. Optic fibers to the lateral geniculate body, the superior colliculus and 
the pretectal region fonn the larger lateral root. 

The fibers from the upper quadrants of the retina become so arranged in the 
formation of the optic nerve as to he above those of the lower quadrants 
Likewise those from the lateral quadrants lie lateral to the medially derived 
fibers In the optic chiasma the upper quadrant fibers cross dorsally and the 
ventral quadrant fibers cross vcnirally. In the optic tract the fibers from the 
upper quadrants of both retinae assume a dorsomedial position and those from 
the lower quadrants take a ventromedial position. 

The fibers from the macula appear to he between the upper and lower 
quadrant fibers m the optic nen.'e. They cross chiefly in the middle of the 
chiasma. In the optic tract the macular fibers constitute the dorsolateral portion 
of the tract and overlap the upper and lower quadrant fibers medioventrally, 

Brouwer and Zeeman have shown that the upper quadrant fibers terminate 
medially in the lateral geniculate Iwdy and the lower quadrant fibers terminate 
laterally. The macular fibers spread throughout the nucleus, making synaptic 
connections with more neurons than do the others. 


The OPTIC RADIATION (Fig. 193) according to Poljak, arises entirely from 
the lateral geniculate body. Brouwer found no optic fibers to the pulvinar, but 
NN alker and Le Gros Clark found chromatolysis in the pulvinar after lesions 


in ilie occipital cortex. The optic radiation extends through- the caudal part of 
tile internal capsule to the striate area of the occipital lobe. This is the cortical 
are.n of conscious vision. According to Poljaks results in primates the adjacent 
areas receive no fibers from the primary optic centers. 

The results of Brouwer’s studies indicate that geniculocortical fibers from 
the lower medial part of the lateral geniculate body pass to the cmietij-, above 
the calcarine fissure. Fibers from the lower lateral portion oi the geniculate 
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100 lod and cone cells. At the fovea, however, there is one fiber for each cone 

cell. . 

As already stated the myelin sheaths of the optjc fibers normally are dis- 
continued at the lamina cribrosa, so that the diameter of the nerve is greatly 
reduced at the papilla. Occasionally myelin extends into the interior of the 
eye, thus increasing the size of the blind spot The optic nerve does not regen- 
erate when severed. 

The OPTIC CHIASMA is formed by the crossing of optic nerve fibers. Those 
from the medial half of each retina cross, while those from the lateral half 
remain uncrossed. The latter, with the crossed fibers from the opposite side, 
form the so-called optic tracts. In animals with less overlapping of the fields 
of vision than in man, a smaller proportion of the optic fibers remain uncrossed. 
According to Craigie the proportion in the rat is about 20 per cent. 

The OPTIC TRACT contains, in addition to optic fibers, crossed and uncrossed, 
the couiniissiire of Guddcn. This connects the nonoptic medial geniculate bodies 
of the two sides, its upper portion constituting the medial root of the optic 
tract. Optic fibers to the lateral geniculate body, the superior colliculus and 
the pretectal region form tbe larger lateral root. 

The fibers from the upper quadrants of the retina become so arranged in the 
formation of the optic nerve as to lie above those of the lower quadrants. 
Likewise those from the lateral quadrants lie lateral to the medially derived 
fibers. In the optic chiasma the upper quadrant fibers cross clorsally and the 
ventral quadrant fibers cross ventrally. In the optic tract the fibers from the 
upper quadrants of both retinae assume a dorsomedtal position and those from 
the lower quadrants take a ventromedial position. 

The fibers from the macula appear to he between the upper and lower 
quadrant fibers in the optic nerve. They cross chiefly in the middle of the 
chiasma. In the optic tract the macular fibers constitute the dorsolateral portion 
of the tract and overlap the up{)er and lower quadrant fibers mediovcntrally. 

Brouwer and Zeeman have shown that the upper quadrant fibers terminate 
medially in the lateral geniculate body and the lower quadrant fibers terminate 
laterally. The macular fibers spread throughout the nucleus, making synaptic 
connections with more neurons than do the others. 

The OPTIC RADIATION (Fig. 193) according to Poljak, arises entirely itom 
tbe lateral geniculate body. Brouwer found no optic fibers to the pulvinar, but 
Ual{<er and Le Gros Clark found chromatolysis in the pulvinar after lesions 
in tlie occipital cortex. The optic radiation extends through- the caudal part of 
the internal capsule to the striate area of the occipital lobe. This is the cortical 
area of conscious vision. According to Poljaks results in primates the adjacent 
areas receive no fibers from the primaiy optic centers. 

The results of Brouwer’s studies indicate that geniculocortical fibers from 
the lower medial part of the lateral geniculate body pass to the cuucus, above 
the calcarine fissure. Fibers from the lower lateral portion of the geniculate 
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100 rod and cone cells. At the fovea, however, there is one fiber for each cone 
cell. 

As already stated the myelin sheaths of the optic fibers normally are dis- 
continued at the lamina crihrosa, so that the diameter of the nerve is greatly 
reduced at the papilla. Occasionally myelin extends into the interior of the 
eje, thus increasing the size of the blind spot. The optic nerve does not regen- 
crate when severed. 

The OPTIC cniASMA is formed by the crossing of optic nerve fibers. Those 
from the medial half of each retina cross, while those from the lateral half 
remain uncrossed. The latter, with the crossed fibers from the opposite side, 
form the so-called optic tracts. In animals with less overlapping of the fields 
of vision than in man, a smaller proportion of the optic fibers remain uncrossed 
According to Craigie the proportion in the rat is about 20 per cent. 

The OPTIC TRACT contains, in addition to optic fibers, crossed and uncrossed, 
the fonmiiwnrf of Guddcn. This connects the nonoptic medial geniculate bodies 
of the two sides, its upper portion constituting the medial root of the optic 
tract. Optic fibers to the lateral geniculate body, the superior colliculus and 
the pretectal region form the larger lateral root. 

The fibers from the upper quadrants of the retina become so arranged in the 
formation of the optic nerve as to lie above those of the lower quadrants 
Llke^vise those from the lateral quadrants lie lateral to the medially derived 
fibers In the optic chiasma the upper quadrant fibers cross dorsally and the 
ventral quadrant fibers cross ventrally. In the optic tract the fibers from the 
upper quadrants of both retinae assume a dorsomedial position and those from 
the lower quadrants take a ventromedial position. 

The fibers from the macula appear to lie between the upper and lower 
quadrant fibers in the optic nerve. They cross chiefly in the middle of the 
chiasma In the optic tract the macular fillers constitute the dorsolateral portion 
of the tract and overlap the upper and lower quadrant fibers medioventrally. 

Brouwer and Zeeman have shown that the upper quadrant fibers terminate 
medially m the lateral geniculate body and the lower quadrant fibers terminate 
laterally. The macular fibers spread throughout the nucleus, making synaptic 
connections with more neurons than do the others. 

The OPTIC RADIATION t,Fig. xgji according to Poliak, arises entirely from 
the lateral geniculate body Brouwer found no optic fibers to the pulvinar, but 
Walker and Le Gros Clark found chromatolysis in the pulvinar after lesions 
m the occipital cortex. The optic radiation extends through the caudal part of 
the internal capsule to the stnate area of the occipital lobe. This is the cortical 
area of conscious vision. According to Poljak's results in primates the adjacent 
areas receive no fibers from the primary optic centers. 

The results of Brouwer’s studies indicate that geniculocortical fibers from 

to the cm,e.,z, above 

the calcarine fissure. Fibers from the lower lateral portion of the geniculate 
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body end in tire liiigual gyrus Mow the calcarine fissure. The Hirers which 
relay macular vision have an iutennediate position in the optic radiations and 



Fic. 193 — Optic Visual and Reflex Paths. 


are projected onto the posterior third of the visual cortex, both above and 
below the calcarine fissure (Fig. 194). 

Included in the optic radiations are corticofugal fibers which end in tiie 
superior colliculus and in the nuclei of the pons. 
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Reflex Connections (Fig. l93)--'n«: colliadus receives optic 

fibers from the lateral root of the optic tract. According to the experimental 
results "of Magoun (1933) and Magoun and Ranson (i 935 > "tc superior 
colliculus has to do with reflex movemcnta of the head and eyes in response 
to visual stimuli. A tectospinal tract extends to the upper cervical segments of 



Fig. 194 — Projection of RtriNAi, Fields on Visual Cortex. 
Modified after Rasmussiin 


the cord. Functionally this appears to be supplemented by a crossed tectobulbar 
tract which relays in the reticular iormation of the medulla oblongata to the 
redculospinal tract, which extends to the lower part of the cord. There is also 
a reflex pathway from the superior colliculus to the eye muscle nuclei through 
the medial longitudinal bundle. 
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body end in the Uugual gyms below tlie calcarine fissure. The fibers which 
relay macular vision have an intermediate position in the optic radiations and 



Fic. 193 — Optic VisuAi. AND Retlisc Patus. 


are projected onto the posterior third of the visual cortex, both above and 
below the calcarine fissure (Fig. 194). 

Included in the optic radiations are corticofugal fibers which end in the 
superior colliculus and in the nuclei of the pons. 
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Reflex Connections (Fig. 193).— The superior coWcnhis receives optic 
fibers from the lateral root ol the optic tract. According to the experimental 
results -of llagoim (1933) and Magoun and Eanson (1935) the superior 
colliculus has to do with reflc.x movcinents of the head and eyes in response 
to visual stimuli. A tectospinal tract extends to the upper cervical segments of 



Fic. i9^-~pRojECTiojf Of Retikal Fields oy Visual Cortex. 
Modified after Rasmussen 


the cord Functionally this appears to be supplemented by a crossed tectobulbar 
tract which relays in the reticular formation of the medulla oblongata to the 
reticulospinal tract, which extends to the lower part of the cord. There is also 
a reflex pathwa}- from the superior colliculus to the e>’e muscle michi through 
the medial longitudinal bundle. 
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Pupillary rcHcxcs to increased light are brought about by optic fibers which 
enter the preicclal region, a transition zone hetween thalamus and tectum. From 
cells in this zone the impulses arc relayed to the nucleus of Edinger and West- 
pbal, which gives rise to the preganglionic cranial autonomic fibers of the 
lIJrd nerve. The impulses are relayed in the ciliary ganglion to fibers which end 
in the circular smooth muscle fihcr.s of the iris. These contract on stimulation, 
thus reducing the size of the pupil. 

Dilatation of the pupil is brought atiout by impulses through tectospinal 
fibers to the upper thoracic segments of the cord. From cells in the intemiedio- 
latcral horn they arc relayed through preganglionic fibers of the thoracolumbar 
autonomic system to the superior cervical ganglion. Cells in this ganglion give 
rise to fibers which reach the radial muscles of the iris via the internal carotid 
plexus and the short and long ciliary nerves. Impulses over this reflex pathway 
produce dilatation of the pupil, 

CLINICAL INTERPRETATION 

LCSJONS IK THE OITIC FATJIWAY 

A lesion of one optic nerve produces blindness in the corresponding eye. 

A lesion in the lateral part of the optic chiasma on one side or the other 
results in blindness in the nasal visual field of the corresponding eye (uni/a/crai 
nasal /tcmiaiio/>sia). This Is due to Interruption of the non-decussating fibers, 
which arc situated in the lateral part of the chiasma. 

A lesion in tlie central part of the optic chiasma results in blindness of the 
outer half of the visual fields of both eyes (bitemporal hemianopsia). This is 
due to interruption of the decussating fibers from both retinae which carry im- 
pulses derived from the temporal fields of vision. The field defects are usually 
irregular, due to a larger number of fibers from one eye being involved tlian 
from the other. 

A lesion of the right optic tract between the chiasma and the lateral geniculate 
body results in blindness in the left field of vision of both eyes sided 

hemianopsia) or vice versa Since the decusKiting fibers from each eye serve 
its lateral field of vision and the non-decussating fibers serve the nasal field of 
vision of that eye, the entire visual field, right or left, will be lost if one or the 
other optic tract is destroyed. 

Lesions in the occipital lobe, if limited to an area above the calcarine fissure, 
cause blindness in the opposite lower quadrants of both visual fields, e g., a lesion 
of the left cuneus produces blindness in the right louver qitadmnt of the visual 
field. Lesions in the lingual gyrus, below the calcarine tissue, result in blindness 
in the opposite upper quadrants of the visual fields. 
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CHAPTER 21 


THE OLFACTORY APPARATUS 

and 

RHWENCEPHALOH 

ORGAN OF SMELL 

The sensory organ of smell is the olfactory wciuhranc (Figs. 195 and 196), 
forming a yellowish-hrowji area in the upper part of the nasal cavity. It com- 
prises a zone of very irregular outline on the middle upper third of the nasal 
septum and tlic adjacent superior conclta on each side. The total area of the 
two sides has been estimated as 500 sq. mm. The membrane consists of a tunica 
propria and olfactor)* epithelium. 

The epithelium consists of three kinds of cells, namely, oUactorj*, supporting 
and basal. The olfactory cells arc the receptor elements. Their free ends project 
to the surface through openings In the cuticular membrane, forming small 
olfactory vesicles. Each vesicle lus 6 to 8 fine dlta, 2 microns long. The nuclei 
of the olfactory cells arc rounded and arc arranged in many layers, forming a 
broad zone in the epithelium. The basal cods of these cells continue as nerve 
processes which enter the olfactory bulb. The siislcnlacular or suftorlmg cells 
are tall, nonciliated, epithelial elements with oval nuclei. The free surfrees 
form cuticular plates held together by terminal lars. The outer halves of these 
cells contain the yellowish pigment which gives color to the olfactory membrane. 
The lower halves branch and form a network. The basal cells lie between the 
bases of the supporting cells as a single layer. They have dark staining nuclei 
and branching processes. 

The ftDtica propria of the olfactory membrane is made up of fibrous tissue 
and elastic fibers and is continuous with the underlying periosteum. It contaim. 
the olfactory glands of Bowman. These are branched, tubulo-alveolar glands of 
serous type, formed of cubical or low pyramidal cells containing secretory 
granules The secretion of the glands batlies the olfactory epithelial surface. 

It IS believed to dissolve the minute particles of substance which give rise to 
olfactory stimuli and to facilitate stimulation of the olfactory cells. It has 
been suggested that solution and concentration of such substances are facilitated 
by colloids probably contained in the secretion and in connection with the 
olfactory hairs. 

The olfactory nerve (Fig. 197) is made up of the numerous fibers from the 
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cells above described. The fibers become arranged into small bundles which 
are aggregated into about 20 larger bundles on each side. These pass through 
the small foramina in the cribriform plate to reach the olfactory bulb. 

The olfactory organ belongs to the group of chemoreceptors. It is extremely 
sensitive but is also easily fatigued. In man the entire olfactory apparatus is 
greatly reduced as compared with most of the mammals. 



^^-.Skin 

Ntw^tl tube 

U)l factory plate 



Torehratn 

/ Olfactarij area 

.Lateral nasal process 

.Or^an of Jacobson 

...Medial nasal process 


J) 



Cerebral hemisphere 

^ ^,..Olfaetortj area 

Org'an ef Jacobson 
\ 

"''■-.Mrdlal nasal process 


Fic 195.— -Development or the Olfactory Organ, as Snow.v u\- Transverse Section 
inROUCII THE Hf.\o. 

ci, early olfactory placodes m embryo of 5 nim B, olfactory placode and beginnlns; nasal 
processes {»i and /) in embryo of 65 mm C, showing olfactory fossa in embryo of 9 mm. 
D, showing further differentiation of olfactory fossa m embryo of 10 mm. From Jachson- 
Morns, Human Anatomy, P Blakiston’s Son & Co, Philadelphia, 1933. 


RHINENCEPHALON 

The rhtnencephalon (Fig. 197) includes the various portions of the cerebral 
hemispheres which have to do rrith the olfactory system. These are: (i) the 
olfactory bull), (2) the olfactory tract, (3) the olfactory trigone, olfactory 
tubercle and pyriform area, (4) the paraterminal .area, (5) the hippocampal 
formation, and (fi) the fornix. They are widely separated in the human brain. 

The forebrain of fishes is largely an oltactorj- reflex center with no cerebral 
cortex. In amphibians the cortex has its inception as a new structure derived 
from olfactory centers. In reptiles the olfactory cortex is well marked, with a 
definite but simple histological pattern. A nonolfactory cortex also makes its 
appearance. In the evolution of the forebrain the olfactory cortex or archicortex 
has become overshadowed by the neocortex which receives impulses derived 
from optic, acoustic, tactile and other senses. The neocortex reaches its maxi- 
mum development in the human brain, overshadowing all the rhinencephalon. 



CHAPTER 21 


THE OLFACTORY APPARATUS 
and 

RHIiVENCEPHALOR 

ORGAN OF SMELL 

The sensory organ of smell is the olfactory meuibrane (Figs. 195 and 196), 
forming a yellowish-brown area in the upper part of the nasal cavity. It com- 
prises a zone of very irregular outline on the middle upper third of the nasal 
septvun and the adjacent superior concha on each side. The total area of the 
two sides has been estimated as 500 sq. mm. The membrane consists of a tunica 
propria and olfactory epithelium. 

The epithelium consists of three kinds of cells, namely, olfactory, supporting 
and basal. The olfactory cells arc the receptor elements. Their free ends project 
to the surface through openings in the cuticular membrane, forming small 
olfactory vesicles. Each vesicle has 6 to 8 fine cilia, 2 microns long. The nuclei 
of the olfactory cells are rounded and arc arranged in many lajers, forming a 
broad zone in the epithelium. The basal ends of these cells continue as nerve 
processes which enter the olfactory bulb. The snstoitacuhr or supporting cells 
are tall, nonciliated, epithelial elements with oval nuclei. The free surfaces 
form cuticular plates held together by tcnninal bars. The outer halves of these 
cells contain the yellowsh pigment which gives color to the olfactory nieinbrane. 
The lower halves branch and form a network. The basal cells lie between the 
bases of the supporting cells as a single lajer. They have dark staining nuclei 
and branching processes. 

The tunica prnpna of the olfactory membrane Is made up of fibrous tissue 
and elastic fibers and is continuous with the underlying periosteum It contains 
the olfactory glands of Bowman These are branched, tubulo-alveolar glands of 
serous type, formed of cubical or low pyramidal cells containing secretory 
granules. The secretion of the glands bathes the olfactory epithelial surface. 

It is believed to dissolve the minute particles of substance which give rise to 
olfactory stimuli and to facilitate stimulation of the olfactory cells. It has 
been suggested that solution and concentration of such substances are facilitated 
by colloids probably contained in the secretion and in connection with the 
olfactory hairs. - 

The olfactory nerve (Fig. 197) is made up of the numerous fibers from the 
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Olfactory Tract. — The axons of the mitral cells pass into the nerve fiber 
layer and turn posteriorly as the olfactory tract. Axons of the tufted cells 
also enter the fiber layer. They cross in the anterior comtiiissure, to enter the 
opposite olfactory bulb through its olfactory tract. The olfactory tract is thus 
composed of coarse efferent fibers from the mitral cells and of fine efferent 



Fig. 107.— Medial View of Brai.s Siiowivc OtFAcroKy Neji\-e avd Bulb axd Some 
Olfactorv Parts of the Braik. 

fibers from (he tufted cells of the same side In addition it contains fine afferent 
fibers front the tufted cells of the opposite olfactory bulb. Tlie axons of the 
mitral cells pass to the secondar)- olfactory' centers. The tract occupies the 
olfactory furrow on the underside of the frontal lobe. On reaching the peduncle 



Olfaefory ■' 

peduncle j 1 
Paraterminal body 

Anterior commissuite'fgf^g^^'-c^ 

Finibna 

Fio 198— Medial View of Brain of a Marsoptal Showing Olfactory Parts 
OF THE Brain. Redrawn from Clliot Smith 
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In lower maninrals and in the Iiuman fetus the various centers of the olfactoiy 
apparatus lie relatively close tojctlier. The expansion of the cortex and the 
growth of the tlialantns, together with the wedging action of the corpus 
callosum as it increases in sire from lower to higher mammals, have brought 
about a separation of the centers. Tile rearrangement of the hrain surface 
associated with the development of the lohes of the hemisphere, especially the 
temporal, has greatly altered the positions of the olfactory centers in the .adult 
human hrain. 

The OLFACTORY hulr is a flat(cnc<l ovoid mass of gray subst.incc consti- 
tuting the primary olfactory center. In the adult it is solltl, but in many 
mammals and in the liunian embryo an extension of the lateral ventricle forms 



Fig. 196 — Olfactorv EpirnELiuji of Calf. 

The olfactory cells contrast sharply with the more numerous sustentacular cells. (Hardesty.) 
From Jordan, A Textbook of Ilitloloffy, D. Applcton-Century Co, New York, 1937- 

a cavity in the bulb. The position of this cavity is marked by a central ependymal 
mass. The olfactory bulb is classified by Brodmann with his cortex f’rUmliviis, 
which has no functional lamination. However, several histological zones can be 
recognized. The outer zone on the underside is an interlacing mass of olfactory 
nerve fibers which enter the bulb. Penetrating deeper they terminate in tufts in 
relation to telodendrites of large cells, the tuifral cells, and of smaller tufted 
cells. The synaptic terminal branches form rounded masses known as glomeruli 
Within the glomeruli are described small nerve cells and neuroglia. The axons 
of the nerv’e cells bring neighboring glomeruli into relation with each other. 
Deeper than the glomeruli is a layer of tufted cells and then a laj-er of mitral 
cells. The mitral cells have long, wide-spreading dendrites. Most of tliem end 
in the glomeruli but some end in relation to branches of the tufted cells. 
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the inferior surface of the uncus and is lost on tlie medial surface. The rhinal 
fissure continues posteriorly as the boundary between pyriform area and neo- 
cortex. The pyriform area is a secondary olfactory center, receiving fibers 
which arise from the mitral cells of the olfactory bulb. It relays impulses to 
the hippocampal formation. 

The HIPPOCAMPAL FORMATION is made up of olfactory structures along the 
medial margin of the pallium. It includes the hippocampus, the dentate gyrus, 
the supracallosal gyrus, the longitudinal stria, the subcallosal gyrus and the 
diagonal band of Broca. Fibers from the pyriform area pass posteriorly and 
medially to the medial margin of the pallium. Here is formed a mass of gray 
substance known as the dentate gyrus (fascia dentata) which is a tertiary 



Fig 200 — Ventral View of Chain Showing Ouacidry Structures. 


olfactory center. The dentate gyms curves upward and posteriorly to become 
continuous below the splenium of the corpus callosum with the reduced fasciola 
ciiicrca. This continues into a thin layer of gray substance, the rudimentary 
supracallosal gyrus or indtisium griseiim, which covers the corpus callosum 
This m turn is continuous rostrall^' with the subcallosal gyrus. Two bands of 
mjelinated fibers arc superimposed on the indusium griseum, forming the medial 
and the lateral lougitudiiial striae. Tliej' are also known as the striae Lancisii. 
The lateral longitudinal stria passes to the fasciola cinerea and the dentate 
gyrus. The medial stria connects the subcallosal gyrus in front with the fasciola 
cinerea. 

The HIPPOCAMPUS (Ammon’s horn) is a submerged gyrus forming the 
greater part of the olfactorj’ cortex. It forms a curved structure in the floor 
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of attachment to the brain it divides into lateral, intermediate and medial striae. 
These pass to the lateral, intermediate and medial olfactory areas, respectively. 

The INTCRMEDIATC OLrACTORY AREA Hcs between and behind the lateral and 
mctJial striae, which are the chief olfactory tracts. The olfactory trigone is a 
small triangular area between the lateral and medial olfactory striae. The 
olfactory tubercle or parolfactory area of Broca is a rudimentary structure 
immediately posterior and lateral to the trigone. When developed enough to be 
visible, it forms a small o;'al swelling. The anterior perforated suhslauce, so- 
called because penetrated by numerous small blood vessels, is an area of gray 
matter on the ventral .side of the brain in front of the optic chiasma. The 
intermediate olfactory stria enters it. 

The LATERAL OLF.\CTo«Y STRJA passcs to the pyriform area (Figs, igg and 
200) and the amygdaloid nucleus. Tlic pyriform area includes the lateral olfac- 



tract* 

Fic. 199 — Lateral View of Brain or a Marsupial, Showing Olfactory Parts 
or Bhaik Redrawn from Elliot Smith. 

tory gyrus, tlie uncus of tlie hippocampus, the anterior part of the hippocampal 
gyrus and the band of Giacomini. It is divided into anterior and posterior 
parts. 

The LATERAL OLFACTORY CYRUS or anterior part of the pyriform area is 
separated from the neocorte,x by the rhinal fissure. It continues laterally, 
accompanied by the lateral olfactory stria on its medial border, into a deep cleft, 
the lateral cerebral fossa. This lies between the temporal lobe and the orbital 
part of the frontal lobe The gyrus reaches the insula, forming the limen 
insulae (threshold of the insula). Here it is bent medially and backward at a 
sharp angle to reach the cerebral surface again on the underside of the temporal 
lobe. It is continuous with the upper lateral part of the uncus, which belongs 
to the posterior part of the pyriform area. T 1 \e band of Giacomini is a con- 
tinuation of the dentate fascia of the hippocampal formation which passes over 



THE OLFACTORY APPARATUS 

the inierior surface of the uocm and is lost on the medial surface. The rfiuial 
fissme continues posteriorly as the boundary between pyriform area and neo- 
cortex. The pyriform area is a secondary olfactory center, receiving fibers 
which arise from the mitral cells of the olfactory bulb. It relays impulses to 
the hippocampal formation. 

The HirrocM.irAt, roaitXTtoK is made up of olfactory structures along the 
media! margin of the pallium. It includes the hippocampus, the dentate gyrus, 
the supracallosal gyrus, the longitudinal stria, the subcallosal gyrus and the 
di.agonal band of Broca. Fibers from the pyriiorm area pass posteriorly and 
medially to the medial margin of the pallium. Here is formed a mass of gray 
substance known as the dentate gyrus (fascia dentata) which is a tertiary 
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Fw. 200. — VtSTRA?. VtTVt or BRMS ShOSVISG 0\.tKZXQVi 


oUacloT)' center. The dentate g>'rus curves upward and posteriorly to become 
continuous below the splcnium of the corpus callosum with the reduced fasciola 
cincrca. This continues into a thin layer of gray substance, the rudimentary 
supracallosal gyrns or iudiisiniii grisemn, which covers the corpus callosum. 
This in turn is continuous rostrally with the subcallosal gyrus. Two bands of 
mjelinated fibers are superimposed on the mdusium griseum, forming the medial 
and the lateral langihidinal striae. They are also known as the striae Lancisii. 
The lateral longitudinal stria passes to the fasciola cinerea and the dentate 
g>rus. The medial stria connects the subcallosal gyTus in front with the fasciola 
cinerea. 

The mppocAMrus (Aiimon’s horn) is a submerged gyrus forming the 
greater part of the olfactory- cortex. It forms a curved sttucture in the floor 
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of the inferior horn of the lateral wntriclc. It is also known as the hippo- 
campus major, in contrast to the hippocampus minor or calcar avis, an eleva- 
tion in the floor of the posterior horn of the lateral ventricle. It is continuous 
laterally with the hippocampal gyrus, which is a convolution of the cerebral 
cortex between the hippocampal and collateral fissures. The zone of transition 
between the hippocampal cortex and the hippocampal gyrus is known as the 
subiculum. It borders on the hippocampal fissure. The anterior end of the 
hippocampal gyrus is curved medially forming a hook of gray substance known 
as the xincns. This part of the gyms is included with the archipaUium, l>elonging 
to the pyriform lobe. The remainder is transitional to ncopallium. 

The cells of the hippocampus are large and numerous. They give rise to fibers 
which collect on its ventricular surface to form the ah'cus, which is a thin band 



Fig. 201 — The Fohnix and Hippocampal Commissure. 
Redrawn from Spitzka 


of white substance Continuing toward tlie margin of the dentate gyrus and 
turning parallel to the edge of the pallium these fibers pass into the fimbria. 

Fornix and Fimdria. — The fornix (Fig. 201) is a band of white substance 
under the corpus callosum extending from the fimbria to the mammillary bodies. 
The fimbria is a band of fibers which mns parallel to the dentate gyrus as far 
as the spknium of the corpus callosum. Here it turns forward as the cnis of the 
fornix, the splenium of the corpus callosum serving to wedge it apart from 
the g>'rus dentatus. Most of the fibers pass downward as a rounded vertical 
bundle, the pillar of the fornix. This passes through the hypothalamus to the 
mammillary body. Other fibers of the fimbria take part in forming the hippo- 
campal coiminsiurc which passes beneatli the posterior part of the corpus cal- 
losum to the opposite crus of the fornix. The fornix constitutes the efferent 
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tract from the hippocampus to the brain stem and from the hippocampus of 
one hemisphere of the brain to the other. , , , , 

The HiproCAMrAi- gyrus, according to Cajal, has a thick molecular ]a>er of 
olfactory root fibers, a superficial layer of polymorphic cells, a layer of pyram- 
idal cells and a deep polymorphic layer (Fig. 204). The suhicttliun, which is 
the part of the hippocam])al gyrus nc.^t to the dentate fissure, has a superficial 



Fic. 202. — Sfxtion of Olfactory Bulb of Cat Showing Glomf.ruli, Mitral Cfxls 
AND Tufted Cells. Golgi Method (From Cajal ) 

A, glomerular layer; B, external plexiform layer; C, layer of mitral cells; D, internal 
plexiform layer; E, layer of granules and white substance; /, /, internal granules; a, terminal 
tuft of an olfactory fiber; glomeruli formed of many olfactory tufts; c, dendritic tuft of a 
mitral cell ; d, tufted cells , /i, recurrent collateral from axon of a mitral cell 

covering of myelinated nerve fibers. Below this are found three layers, namely, 
a molecular layer, a pyramidal layer and a polymorph layer. The deep white 
matter of the subiculum is a thick mass continuous with the alveus. The pre- 
subkular region is a transitional zone between subiculum and hippocampus 
proper. It does not receive direct olfactory fibers, but fibers from the olfactory 
cortex pass into it. It is regarded as an association center for olfactory sense. 
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The hippocampus proper lias three layers above the alveus or layer of white 
matter. These are a fibrous layer, receiving fibers from pyramidal cells, and a 
layer of cells, rather largo and fusiform, with a few lateral dendrites whose 
axons reach the alveus. There are also some small cells with short axons (Golgi 
type II) and a polymorph layer of cells whose axons mostly go to the alveus, 
hut with Martinotti cells whose axons ascend to the molecular layer of the 
cortex. The alveus, or white matter of the hippocampus, is a thin layer of fibers 
from the pyramidal cells and from the pyriform area. 



Fig. 203 — Schema of the Coosse of the Olfactory Impulse. (From Cajal.) 

A, lateral olfactory stria, with collaterals; B, anterior fibers of anterior commissure; C, 
olfactory neuro-epithdial cells. 

The dentate gyms or fascia dentata (Figs, 197 and 204) is a strip of gray 
substance under the inner border of the hippocampus, receiving its name from 
tooth-hke elevations on its medial border. It is the most primitive part of the 
hippocampus, and is composed of three layers, namely, a molecular layer of 
ovoid cells giving off axons, many of which bifurcate and pass in two direc- 
tions, and a layer of polymorphs The fibers from the cells of the dentate gyrus 
pass into the hippocampus and the fimbria. 

The hippocampus and fascia dentata have afferent, efferent and commissural 
fibers. The afferent fibers arise from the pyriform lobule and form a bundle 
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which ends in the nioJecuJar layer of hippocampus and fascia dcntata. The 
efferent fibers pass into the fimbria of the foniix. There are two kinds, large 
and small. The large ones appear to be projection fibers, the small ones are 
commissural, passing in the hippocampal commissure to the fimbria and the hip- 
pocampus of the opposite side. The fornix thus is the efferent tract from the 
hippocampus to the brain stem and to the opposite skle. 

The AMYGDALOID NUCLEUS, which IS an olfactosomatic center under the tip 
of the temporal lobe, also has connections from the lateral olfactory stria (Fig. 
206), the latter reaching the medial part of the nuclear complex. This nuclear 



Fic. 204 — The Hippocampus and Dentate Gvrus of a Kitte.v Golgi Method 

A, alveus, GA, lajer of axons of granule cells ; gr. Pyr , large pjramidal cells with proc- 
esses to dentate fascia, Kr , granule cells with radial dendrites, Mf , principal bundle of 
mossy fibers. oMf , superficial layer of mossy fibers; Phe , intercellular plexus of the pyram- 
idal cells, Pyr , pyramidal cells of donsal fold of hippocampus; />j;, polymorphic cells of the 
hippocampus; Str.radgr., stratum radiafum of dentate fascia; Str.sS , stratum zonale of the 
subiculum ; M//., deep layer of mossy fibers, (From Koelliker ) 

mass also connects with the cortex of the pyriform lobe, with the hippocampus 
througli the diagonal band of Broca, and with the olfactory tubercle and sub- 
callosal gyrus. Its main efferent tract is the stria terminalis to the habenulae. 
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The hippocampus proper has three layers a!>ove the alveus or layer of white 
matter. These are a fibrous layer, receiving fil>ers from pyramidal cells, and a 
layer of cells, rather large and fusiform, with a few lateral dendrites whose 
axons reach the alveus. There are also some small cells with short axons (Golgi 
type 11) and a polymorph layer of cells whose axons mostly go to the aheus, 
hut with Martinotti cells whose axons ascend to the molecular layer of the 
cortex. The alveus, or white matter of the hipjiocampus, is a thin layer of fibers 
from the pyramidal cells and from the pyriform area. 



Fig. 203 — ScuFMA of the Course of the Olfactory Impulse. (From Cajal.) 

A, lateral olfactory stria, with collaterals; B, anterior fibers of anterior commissure; C, 
olfactory neuro-epithclial cells. 

The dentate gyrus or fascia dentala (Figs. 197 and 204) is a strip of gray 
substance under the inner border of the hippocampus, receiving its name from 
tooth-like elevations on its medial border. It is the most primitive part of the 
hippocampus, and is composed of three layers, namely, a molecular layer of 
ovoid cells giving off axons, many of which bifurcate and pass in two direc- 
tions, and a layer of polymorphs The fibers from the cells of the dentate gyrus 
pass into the hippocampus and the fimbria. 

The hippocampus and fascia dentata have afferent, efferent and commissural 
fibers The afferent fibers arise from the pyriform lobule and form a bundle 
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The MEDIAL OLFACTORY AREA (Fig. 205) tiiclucles the subcallosal gyrus 
{paraterminal area) and the parolfactory area. It receives the nirthc/ stria. 
It is connected with lower centers of the brain stem through the olfactotcgmcutal 
tract, which gives collaterals to the nuclei of the tuber cinercum. There are also 
connections with olfactosomatic centers through the medullary stria of the 
thalamus to the habenular nucleus. From the latter the habenulopeduncxilar 
bundle relays impulses to the interpeduncular ganglion. Through the longitudinal 
striae the medial area connects with the cortex of the dentate gyrus and of the 
hippocampus. Fibers are also described as passing backward through the fornix 
to the dentate gyrus and the hippocampus I'iliers also arch through the septum 
pellucidum and penetrate the corjms callosum to reach the lateral and medial 
longitudinal striae. They are then distributed with the latter to the dentate g>rus 
and hippocampus. 


‘ CLINICAL INTERPRETATION 

UNCINATE FITS 

Lesions of the uncinate g\riis may result in inifinnfe fils. These are attacks 
during which the patient cx|H.Tienccs ^en^at^ons of oUactor) stinuiU. usually dis- 
agreeable odors These senrations. which arc olf.actoiy hallucinations, are fol- 
lowed b\ a dreamy state of unreality. There um lie various other sensory 
accompanunenis, especially of taste. Motor phenomena may also appear, such as 
champing of the jaws and smacking of the lips. 
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STRUCTURE OF CEREBRAL CORTEX 

rated fibers to and from the cortex: (4) in the relative time at which the fibers 
become myelinated after birth, and (5) in the types of celts. 

Microscopic studies have been based on two types of preparations, namely, 
those stained to show myelinated fillers and those stained to show cell types 
and arrangement By noting the relative coarseness or fineness of fibers and 
the number of vertical myelinated fibers entering and leaving the gray matter, 
in conjunction with the study of cell layers, Campbell has mapped out the 



Fig 208. — Diagram of Areas of Cortex in Primitivf. Mammal. 

Redrawn from G. FJUot Smith. 

cortex into a number of fields. Adjacent areas of different structure are usually 
rather sharply marked off from each other, the boundary frequently being a 
sulcus or fissure. Sometimes, however, the boundary is at the convexity of a 
gyms On the basis of relative date of myelinization Flechsig has mapped out 
36 chronological areas, subdivided into primary, iutcrmecUafc and late groups. 
The primary areas are myelinated at birth or shortly after. They include chiefly 
the projection of fibers of the motor cortex and the visual, acoustic and olfac- 
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CHAPTER 22 

STRUCTURE OF CEREBRAL CORTEX 


The cerebral cortex is a layer of gray matter covering the cerebral hemi- 
spheres. The average thickness is usually given as 2.5 mni. but it varies from 
4 mm. in the precentral gyrus to about 2 mm. in the occipital lobe. The total 
area is between about 200,000 and 248,000 sq. mm. The weight is about 580 
grams. Economo gives the number of cells as thirteen billion six hundred fifty- 
three million. 

The studies of Campbell, Elliot Smith, Brodmann, and others have shown 
that the cerebral cortex has different patterns of structure in different areas 
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Fic. 207 — Lateral View of Braxn of Marsuwal, Showing Areas of Cortex. 

Redrawn from G. Elliot Smith. 

(Figs 207, 208, 213 and 214). Gennari noted a broad band of white between 
two layers of gray in the occipital lobe. This band is known as the stripe of 
Gennari (Fig. 209) and is characteristic of the striate area of the occipital lobe. 
In other parts of the cortex, Baillarger desenbed two thinner bands of white 
alternating with gray matter The white bands are called the inner and outer 
stripes of Baillarger. The stripe of Gennari is formed by the thickening of the 
outer stripe of Baillarger. 

Elliot Smith has distinguished 28 areas by examination of the fresh or 
formalin fixed cerebral cortex. Others have shown by histological methods that 
there are variations: (i) in thickness of the gray matter; (2) in the number, 
thickness and distinctions of the stripes; (3) in the relative number of myeli- 
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is recarded as an olfactosomatic correlation center. Its development is in propor- 
tion to the development of the olfactory system in any form. In man with 
reduced olfactory apparatus it is relatively small. 

The KEOCORTEX develops between the archicortex and the paleocortex, pushing 



Fig 210 — Diagram of Structure of Cerebral Cortex as Shown by the Golgi, 
THE Nissl ano the Weicert Metiioos of Staining 
From Herrick, Introduction to Neurology, Vf. B Saunders Co, Philadelphia, 1931. 


the archicortex medially and the paleocortex ventrally. The archicortex is rolled 
into the horn of Ammon and the dentate g>Tus around the hippocampal fissure. 
The paleocortex pushes medially over the olfactory tubercle and forms the endo- 
rlunal sulcus. 

The neocortex is the general nonolfactory cortex which in man constitutes 
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tory and other special sensory areas. The intermediale areas lie, as a rule, 
adjacent to the receptive, forming the visuopsychic, the auditopsychic, etc. The 
terminal areas He between the intermediate zones and together with the inter- 
mediate zones occupy the greater part of the surface of the human brain, but 
a much lesser part of the cortex of lower mammals, with the exception of the 
anthropoid apes. 

In considering the cercliral cortex, distinction must be made between archi- 
eortex, paleocortex and ueocorlex. Tlie archicortex or archii)alHuin is present 
m amphibians as the medial part of the olfactory area. In man it is made up of 
the cortex of the hippocampus, dentate fascia and part of the hippocampal 
gyrus. The dentate fascia receives tertiary olfactory fibers and some visceral 
fibers from the dienccplialon. It is a region of correlation. It shows three layers, 
namely: (r) a molecular layer, consisting of interlacing processes of granule 
cells and of cells with short processes; (2) a granule layer, consisting of ovoid, 



Fio 200 — Sectioned Surfaces of G\iu Showing Gray and White Bands of 

TUB CUIEBRAL COKTEX. 

A, stripe of Gennan m striate area of occipital lobe. B, stripes of Baillarger in corte-x of 
parietal lobe. Magnified X 2j4. 

spherical or pyramidal cells whose dendrites pass to the molecular layer and 
whose axons pass to the pyramidal cells of the hippocampus and horn of 
Ammon; (3) a polymorph layer, consisting o! cells of various forms and sizes, 
\v'Iiose axons ascend, m part, to the molecular layer, and in part, descend to the 
alveus. 

The PALEOCORTEX includes the pallial centers of the olfactory tracts. In am- 
phibians it IS the lateral part of the olfactory area. In man it includes the uncus 
and part of the hippocampal g}TUS, which together constitute the pyriform lobe. 
The pyriform lobe (Fig. 207) is sharply marked off from the rest of the cortex 
by the rhinal fissure and the lateral olfactory tract. In man, due to the modifica- 
tions of brain surface incident to the development of the temporal lobe and the 
formation of the insula, the pyriform lobe is connected with the anterior olfac- 
tory area by the lateral olfactory tract. In many mammals there is a direct cellu- 
lar continuity with the anterior olfactory nucleus. The paleocortex is transitional 
in position and fiber connections between the archicortex and the neocortex. It 
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IV. Lavtwa granniaris hilerua, made up of small stellate cells and the outer 
stripe of BaiUarger. 

V. Launna ganglionaris, made up of large cells and, in most areas, the inner 
stripe of BaiUarger. In the precentral gyrus this layer contains the giant pyram- 
idal cells of Betz, whose axons form the corticospinal tracts. 

VI. Lamina multiformis, made up of poljmorphic cells. 

Kappers makes three groups of the five cellular layers. He combines layers 13 
and III of Brodmann into the sitprogranular layers. Layer IV he calls the granu- 



Fig 212— Cells or Cortex of HmiMt Cestrm. G\EVrs Golgi Metiiot). (From KoeUitcer.) 

gr. ?.. first layer ol large pyramidal cells; kl. P H, second layer of small pyramidal 
celts; FZ, layer of polymorphic cells; JtP, giant pyramidal cells. 

lar lajer, and layers V and VI constitute the sttbgranular layers. The granular 
layer (I\'') of the neocortex is homologous with the granular layer of archicortex 
and paleocortex. The subgranular lay-ers (V and VT) are homologous with the 
subgranular pjramid cells of the older parts of the cortex, but the supragranular 
pyramids are found in the neocortex only. 

The granular layer, according to Kappers. receives and correlates stimuli The 
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by far the greater part of the gray matter. It receives somatic impulses from a 
variety of sources. In most parts of the neocortex five to eight layers are recog- 
nizable. Brodmann (Fig. 210) names six fundamental layers as follows, begin- 
ning at the surface. 

I. Lawiiia comlis or plexiformjaycr, made up of nerve fibers tangential to 
the surface. 



Fig 211 — Cells of First, Seconh and Tniiu> Layers of the Ascending Frontal 
CoN\muTiON OF THE Cekebrum OF AS IsFAWT. GoiGi Methov. (From Ca;al ) 

/I B, C, small pyramidal cells; D, B, medium pyramidal cells; F, cell with dendrites 
from each end, with axon in the form of a pericellular next; G, large dendritic process from 
a large pyramidal cell in the fourth layer; H, I, dendritic processes from cells of fifth and 
sixth layers; J, small cells with dendrites at each end; A', fusiform cell with long axon. 


II. Lamina granulans externa or layer of small pyramidal or stellate cells. 

III. Lamina pyramidalis or layer of medium and large pyramidal cells. 
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penniet 5 t.ll niothads Iiave made it clear that some of these regions have s|x?cjaJ 
functional significance. 

Brodmann makes nine general regions of the ncocortex, subdivided into nearly 
fifty secondary areas. The general regions are. (i) 7?cfro5/’lem'al, for correla- 
tion of olfactory with nonolfaciory impulses. (2) Cingnlar (Fig. 218), the 



Fjo 3I4~-Arfas of Cfredral Cortex According to Brodmann. Lateral View. 

From Herrick, luircduction to Neurology, W, B. Saunders Co, Philadelphia, 1037. 
(After Brodmann ) 



.ScTEfoSM™ W B Co., PWlaaelphm, 1937 , 

28.1 
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pyramidal cells of the subgranular layer give rise to efferent axons which carry 
impulses away from the cortex or form commissural fibers. The supragranular 
layers also receive and correlate stimuli but the correlative or associative function 
is predominant. They receive terminal fibers of the corpus callosum and are 
also the last to develop in the fetus. 



Fi> . 213 — Spction of Human Cerebral Cortex from Precentral Gyrus. Showing 
Free Enpihgs of Entering Fibers. 

A, terminal branches near surface; B, dense entanglement of terminal arborizations around 
cell bodies of pyramidal cells of the third layer; C, D, E, horizontally directed nerve fibers 
giving rise to terminal branches a, b, in upper part of figure. After Cajal From Herrick, 
hitroductioii to Neurology, W. B. Saunders Co, Philadelphia, 1931. 

The study of variations in the cell layers (Q'toarchitectonics) and of varia- 
tions in arrangement of myelinated fibers (mjeloarchitectonics) have made pos- 
sible histological differentiation of a number of distinct regions in the cortex. 
Campbell (1905), Brodmann (1909), the Vogts (1926) and others have pro- 
duced a large literature, both compamtive and on human material, in this field. 
For details reference must be made to the monographs and special articles. Ex- 
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absent. The granule cells o£ the outer and inner granular layers disappear and 
pyramidal cells are the characteristic cell types. In part of the precentral region 
(area 4 of Brodmannl the pyramidal cells arc of large size, forming the Betz 
cells located in layer V, which give rise to corticospinal fibers. The frontal part 
of the precentral region, known as the frontal agranular area (area 6 of Brod^ 
mann) , has smaller pyramidal cells. 

The largest Betz cells lie in the dorsalniost [rart of the precentral gyrus, near 
the sagittal fissure. These give off fibers to the muscles of the lower extremity. 
The muscles of the lower part of the body liavc their innervation from the 



Fig. 217.— Cell Types in Superficial Part of Visual Cortex of Infant. 

Golgi Method (From Cajal ) 

A, plexiform layer; B, layer of small pyramidal cells; C, outer part of layer of large 
and medium pyramidal cells, a, axon; b, collateral; c, dendritic process. 

more dorsal parts of the motor area, the upper parts of the body from the middle 
region of the precentral gyrus, while the facial muscles, tongue, pharynx, etc., 
are represented in the ventralmost part of the gjTUS. 

The posfceutral region (Fig. 221) is thinner and has a well marked inner 
granular layer (IV) ami the typical six layers. The pyramidal cells of layer V 
are smaller and less numerous than in the precentral region. Tlie supragranular 
pyramidal layer (III) is well developed. This region is of sensory type. 

The leuiporal region (Figs. 216 and 222), part of which is auditory in func- 
tion, has a well developed internal granular layer (IV), espedally in the trans- 
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supracallosal pari of the limbic lobe, having to do with olfactory sense fj) 
Precentral (Fig. 2ig), chiefly motor. {4) FroiMl granular (Fig. 220), the fron- 
tal association center. (5) Postcentral, tactile. (6) Parietal, sensory arid parietal 



Fro 216 . — Cell Types in 6th Layer of Temporal Cortex of Infant. Golgi Method. 

5, layer of granules; 6, deep layer of medium site pyramidal cells; B, D, large cells with 
long ascending axons , C, large cell with long axon and ascending collaterals ; E, G, small 
cells with ascending axons . P, cell with short branching axon ; H, neuroglia like cell ; 
/, small fusiform or pyramidal cells; J, K, Urge pyramidal cells with Jong axons; a, axon 
(From Cajal.) 

association centers. (7) Temporal, partly auditory (Fig-. 216). (8) hwtlar, 
function unknown (9) Occipital, visual, in part (Fig. 217). 

Only a few of the best known regions will be compared briefly, to illustrate 
the structural and functional differences. 

The precentral region (Figs. 213 and 219) includes the thickest part of the 
cerebral cortex, part of it attaining a depth of 4 mm The stripes of Balllarger are 
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Fic 219 — Cell Layer is the Precentral Region. 

From Kappers, Huber ami Crosby, Comf<ara(hv Anatomy of the Nervous System, The 
Macnullan Co, New York, 1936 
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Fjc 3i8 — Ceix Layers in Cingulum. 

Kapper. Huber an.. Cmsb,. A.a,o„.y «/ ,;.e N.r«..s Sy.„.,.. Tb, 

Macm.llan Co, New York, .936. 




Fic 22I.-CH.I. Lavus is the Postcentral Reoios. 

Pio„ KEPoeTS, HoUt C^, .„o,o.,. o, .. i S,T.„., THc 

Macmillan Co.. Kew York, 1936 
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Fic. 220 — Cell Layers in the Frontal Granular Region. 

From Kappers, Huber and Crosby, Comparaihe Anatomy of the Nerz'otis System, The 
Macmillan Co , New York, 1936 
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Fig 223 — CtLL Layers in the Occititai, Region. 

From Kappers, Huber and Crosby, CoiK/‘oraHrf Anatomy of the Xen'oiis System, Tlie 
Macmdlan Co, New York, 1936. 
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Fic. 222 — Cell Lasers ik thf Temporal Region. 

From Kappers, Huber and Crosby, Cowt^orofiiv Analomy of Ihe iVert-oiir Syslevi, The 
Macmillan Co. New York, 1936. 
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Fig 223 — Cell Layers in the Occipital Region. 

From Kappers, Huber and Crosby, Conifvrattz’e Anatomy oj the AVrroiij System, The 
Macmillan Co , New York, 1936. 
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verse temporal gyrus. Tlie deeper layers V and VI arc not well difTerentiated, 
but the pyramidal layer (III) has large pyramidal cells. 

The occipital region (Figs. 2x7 and 223), although its cortex as a whole is 
thin, shows a great thickening of the deep granular layer (IV). In the striate 
area, due to the entrance of the optic radiations, this doubles in thickness but 
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Fio. 224— Dcacram of tjce Five Structural Types of Cerf.bral Cortex, According 
TO Cyto-Arciiitectural Patterns. (From Cajal.) 

returns to ordinary thickness in the regions surrounding the striate area. The 
supragranular pyramidal layer (III) has large pyramidal cells, as does the gan- 
glionic layer (V). The striate area receives the visual projection fibers and is the 
center for conscious vision. The surrounding parts of the occipital cortex are 
regarded as visual association areas. 
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CHAPTER 23 

THE EFFERENT SYSTEMS 

The efferent or motor systems have been considered in part in connection with 
various divisions of the nervous system so far descril)ed. In the present chapter 
they will he considered as units. 

The VOLUNTARY MOTOR SYSTEM. — ^Thc cliicf tracts of the strictly volitional 
motor system are the lateral and ventral corticospinal or pyramidal tracts and 
the corticobulbar tract. They have their origin from cells of layer V in the pre- 
central gyrus of the cerebral cortex (area 4 of Crodmann). The fibers are 
usually described as axons of the Betz cells, some of which are among the largest 
nerve cells in the body. However, there arc about three times as many fibers in 
the pyramidal tract as it emerges from the brain as there are large pyramidal 
(Betz) cells in the precentral gyrus. Some of the fibers must have their origin in 
smaller pyramidal cells. 

The precentral ffvrus has been shown to have a definite pattern of localization 
of cells whose fibers pass to specific groups of muscles. The lower portions of the 
body are supplied from the upper parts of the motor field, and the upper body 
parts from the lower part of this field. Thus tlie muscles of the toes and foot 
have the cells of their upper motor nctirons adjacent to the sagittal fissure, 
while the muscles of the face, tongue, palate and laryn.x have their upper motor 
neuron cells in the part of the gyrus near the fissure of Sylvius. The various 
other regions of the body are supplied from appropriately placed intermediate 
zones 

The motor fibers descend from the cortex into the internal capsule Here 
the corticobulbar fibers form two bundles at the genu, while the corticospinal 
fibers have their position in the posterior limb. Those to the upper part of the 
body lie m the forward part of the posterior limb, while those to the lower 
trunk and leg lie m the middle zone. 

From the internal capsule the fibers continue into the basis pedunculi. Here 
again they assume specific positions. The corticospinal bundles occupy the middle 
threc-fiiths of the peduncle. The corticobulbar fibers form two bundles, the 
medial tract at the medial border of the base of the peduncle, and the lateral 
betn-een the lateralmost part of the corticospinal bundle and the substantia 
nigra. They continue through the basilar region of the pons, forming large 
bundles separated by transverse pontile fibers. 

The for/irobi(;^ar tract (Fig. 225) including fibers to the Illrd and IVth 
motor nuclei of the midbrafn, begins to separate from the internal capsule 
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verse temporal gyrus. The deeper layers V and VI are not well dilTcrentiated, 
but the pyramidal layer (III) lias large pyramidal cells. 

The occipHal region (Figs. 217 and 223), although its cortc.v as a whole is 
thin, shows a great thickening ol the deep granular layer (IV). In the striate 
area, due to the entrance ol the optic radiations, this doubles in thickness but 
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Fio. 224.— Diagram of the Five Structural T\pes of Cfjiebral Cortex, According 
TO C^tO'Architectural Patterns. (From Cajal.) 

returns to ordinary thickness in the regions surrounding the striate area. The 
supragranular pyramidal layer (III) lias large pyramidal cells, as does the gan- 
glionic layer (V). The striate area receives the visual projection fibers and is the 
center for conscious vision. The surrounding parts of the occipital cortex are 
regarded as visual association areas. 
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at the upper end of the midbrain. Bundles of fibers called by Dejerine aierrant 
pyramidal fbers of the peduncle enter the reticular formation and pass to the 
eje muscle nuclei of the midbrain. Aberrant fibers of the pons and of the bulb 
are also recognized as small bundles with much variation. The alicrrant bundles 
of pons and medulla oblongata end in relation to the motor Vth, the Vlth, the 
Vllth, Xlth and Xlfth nuclei and the nucleus ambiguus supplying the volun- 
tary muscles of the face and head. Some of these fibers reach the upper part 
of the cervical spinal cord. The corticobulhar fibers decussate in part at the 
level of the nuclei they supply. They form small bundles to each of the somatic 
motor nuclei of the medulia oblongata and to the upper segments of the spinal 
cord 

On emerging from the pons the main mass of fibers continues as the pyramids 
of the medulla oblongata. Most of the fibers cross at the decussation of the 
pyramids to form the greater part of the lateral corticospinal or pyramidal 
tract. Others pass into this tract without crossing. Still others continue directly 
from the pyramids into the ventral funiculus of tlie cord as the ventral cortico- 
spinal or pyramitlal tract. The latter is usually stated to extend only into the 
cervical or upper thoracic part of the spinal cord, but Erb has shown that it 
ma) Teach the sacral region The uncrossed pyramidal fibers are usually said 
to decussate within the cord in their segments of termination. Many, how’ever, 
end on the side of origin. 

The Lower Motor Neuron — ^The pyramidal tract fibers terminate in synap- 
tic relation to large motor cells in the anterior column of the gray matter of 
the spinal cord Recent studies indicate that the majority of fibers (So to 90 
per cent in chimpanzees and monkeys) end on intermediate neurons, while 
20 to 25 per cent form connections on the side of origin of the fibers, The 
lower motor neuron cells outnumber the corticospinal fibers, so that each of 
the latter appears to have synaptic connections with several motor cells. The 
axons of the latter form the anterior motor roots of the sjnnal nerves. 

Extrapvramidal Motor Paths (Fig. 22G). — Fibers from other parts of 
the cerebral cortex than area 4 of Urotimann also have a part in movements of 
the I'oliintary muscles. Stimulation, of certain parts of area 6 of the frontal lobe, 
area 5 of the parietal lobe, area 22 of the temiK)raI lobe, etc , after destruction 
of area 4, produce complex movements of trunk and extremities, head and 
eyes The impulses, instead of passing through direct fibers to the anterior 
column of the spinal cord, arc relayed through a pathway of several links, 
includmg the striate body, the substantia nigra and the tegmental region of the 
midbram. 

The {•renwtor area (area 6) is the best known, experimentally and clinically, 
of the extrapyramidal regions' named. It lies immediately in front of motor 
area 4, and m pan, is included In the precentral gyrus. When area 4 js destroyed 
or the pyramidal tract is interrupted, stimulation of the premotor area pro- 
duces muscular responses in the fonu of mass movements of the opposite half 
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Fic. 225 ^Thf, Corticospinal and CtntTicoBULBAS Paths (Pyramidal System) 
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segments o{ the extremities, such as of individual fingers, however, are no 
longer possible. 

After injurj' to the pyramidal system compensation is established in time, 
apparently through cooperative action of the cxtrapyramidal motor areas of the 
affected hemisphere and the appropriate region (eg., leg area) of the motor 
cortex of the other hemisphere. The possibility of innervating single muscle 
groups is restored. The stereotyped cxtrapyramidal synergies may be modified 
by pyramidal tract influences from the unaffected side. Compensation, how- 
ever, is never complete (Foerster). 

In addition to stereotj-ped movements of the kind described, the extrapyra- 
midal system also serves assodated movements, such as sndnging of the arms 
in walking, movements of postural changes, etc. Isolated movements of single 
segments, on the other hand, are represented only in motor area 4 of the cortex. 
Therefore individual movements of fingers or toes, hand or foot, arm or leg, 
thigh, etc., are lost if the arm or leg areas of the motor cortex, or the pyra- 
midal tract fibers coming from them, are destroyed. 

The cxtrapyramidal system is more primitive and of earlier phylogenetic 
development than the pyramidal. It has to do with mass movements and sjTiergic 
movements of groups of muscles, while the specific function of area 4 of the 
pjTamidal system “is the isolated innen.'ation of single muscle groups” 
(.Foerster), The cxtrapyramidal system may be considered as p-aleokincttc, while 
the p>-Tamidal system is neofemcfic. 

The Corticopoutoccrcbcllar Path . — Axons from pyramidal cells of the frontal 
lobe (area 10 of Brodmann) and of the temporal lobe form the frontopontiuc 
and teiiif’oro/'ontine tracts, respectively. The frontopontine fibers pass through 
the anterior limb of the internal capsule and the medial fifth of the basis 
pedunculi, to enter the pons. They end in the pontine nuclei The temporo- 
pontine fibers pass through the tip of the posterior limb of the internal cap- 
sule and through the lateralraost part of the basts pedunculi. They end in the 
more dorsal pontine nuclei. Collatcrah from the pyramidal tracts also end in 
the pontine nuclei. The nuclei of Uie pons give rise to the great mass of fibers 
which constitute the pons. The fibers decussate and enter the cortex of the 
opposite hemisphere of the cerebellum through the brachiiim pontis. 

CcrcbcUorubral and CcrcbcUolbalamic tracts— Th^ dentate nucleus of the 
cerebellum gives rise to the brachium conjunctivum. This ends in part in the 
red nucleus and in part in the thalamus. The cerebellorubral fibers make con- 
nections with the rubrospinal tract, forming a cerebellorubrospmal paihivay. 
The cerebellothalamic impulses are relayed to the frontal cortex and influence 
Its motor activity. Through connections between thalamus and the striate body 
these impulses probably affect the cxtrapyramidal system also. 
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of the body. Isolated muscular movements are lost. The experimental studies 
of Fulton on primates and the -clinical studies of Foerster have made dear the 
general functions of this system. 

The details of the pathway involved are not firmly established, but fibers from 
the motor and premotor areas terminate in the caudate nucleus, the globus 
pallidus. the red nucleus, the tegmental region of the mid-brain and the substantia 
nigra (Poljak, 1932). From the striate body, especially from the globus pal- 
lidus, the ansa Icnticularis carries impulses to the tegmental nuclei and substantia 
nigra. In these centers the rela>'cd impulses, together with impulses reaching 



Fig. 2j6. — Extrapyramiual Systems, Cortico-Strio-Spinal anu 
Cortico-Ponto-Spinal SystfmS 


these nuclei directly from the cortex, are integrated and relayed to the spinal 
cord. The paths involved are the rubrospinal, possibly the reticulospinal tracts, 
and the medial longitudinal bundle. 

Muscular actions produced by stimulation of the extrapyramidal areas are 
compound movements of all the segments of the arm or leg and stereotyped move- 
ments of groups of muscles (synei^es) such as the extensor synergy or the 
flexor synergy. W'hen normal voluntary movements are performed the pyra- 
midal and extrapyramidal sy.stems cooperate. If the pyramidal path is inter- 
rupted, voluntary movement is not entirely lost. Isolated movements of single 
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segments of the extremities, such as of individual fingers, however, are no 
longer possible. 

After injury to the pyramidal system compensation is established in time, 
apparently through cooperative action of the extrapyramidal motor areas of the 
affected hemisphere and the appropriate region (e.g., leg area) of the motor 
cortex of the other hemisphere. The possibility of innervating single muscle 
groups is restored. The stereotyped extrapyramidal synergies may be modified 
by pyramidal tract influences from the unaffected side. Compensation, how- 
ever, is never complete (Foerster). 

In addition to stereotyped movements of the kind described, the extrapyra- 
midal s}stem also sen’cs assodatcd movements, such as swinging of the arms 
in walking, movements of postural changes, etc. Isolated movements of single 
segments, on the other hand, are represented onl}* in motor area 4 of the cortex. 
Therefore individual movements of fingers or toes, hand or foot, arm or leg, 
thigh, etc., are lost if the arm or leg areas of the motor cortex, or the pyra- 
midal tract fibers coming from them, are destroyed. 

The extrapyramidal system is more primitive and of earlier phylogenetic 
development than the pyramidal. It has to do with mass movements and synergic 
movements of groups of muscles, while the specific function of area 4 of the 
pyramidal system “is the isolated innervation of single muscle groups” 
(Foerster). The extrapyramidal system may be considered as paleokinetic, while 
the pyramidal system is ncokinclic. 

The Cortkoponioccrcbcllar Path . — ^Axons from pyramidal cells of the frontal 
lobe (area 10 of Brodmann) and of the temporal lobe form the frontopontine 
and temporopontine tracts, respectively. The frontopontine fibers pass through 
the anterior limb of the internal capsule and the medial fifth of the basis 
pedunculi, to enter the pons. They end in the pontine nuclei. The temporo- 
pontine fibers pass through the tip of the posterior limb of the internal cap- 
sule and through the lateralmost part of the basis pedunculi. They end in the 
more dorsal pontine nuclei. Collaterals from the pyramidal tracts also end in 
the pontine nuclei. Tlie nuclei of the pons give rise to the great mass of fibers 
which constitute the pons. The fibers decussate and enter the corte.x of the 
opposite hemisphere of the cerebellum through the brachium pontis. 

Cerebellorubral and Ccrcbcllolhalamic tracts . — The dentate nucleus of the 
cerebellum gives rise to the brachium conjunctivum. This ends in part in the 
red nucleus and in part in the thalamus. The cerebellorubral fibers make con- 
nections with the rubrospinal tract, forming a cerebellorubrospinal pathway. 
The cerebellothalamic impulses are relayed to the frontal cortex and influence 
its motor activity. Through connections between thalamus and the striate body 
these impulses probably affect the extrapyramidal system also. 
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CHAPTER 24 


FUNCTIONS OF THE THALAMUS AND THE CEREBRAL 
COKTEN 

The nervous system has many gateways that open tjiward. admitting stimuli 
of diverse sorts from the skin, muscles, joints, viscera and special sense organs. 
Within the bram and spinal cord there are several levels of functional activity, 
from simple refle.xes to highly integrated responses. Reflexes are simple forms 
of behavior which conform to a fixed pattern determined by the receptors and 
cfTectors concerned In integration there arc brought aliout various combina- 
tions of nervous activities and reflexes in such a way that they cooperate in a 
larger activity to unify the functions of the liody as a whole. At the lowest 
level of nervous activity involving the central nervous system is found the 
simple reflex arc, including only a receptor, n simple correlation center and an 
eflector of one segment of the ho<ly. Somewlwt more complex may he the reflex 
arc extending to other segments of the spinal cord which may involve responses 
by the motor apparatus of several segments. 

The various functional types of primary afferent neurons, in addition to 
forming reflex arcs, as described in previous chapters, also make connections 
in the cord which bring about grouping of fibers into functional tracts. In 
these all the sensations of the same type, as pain, touch, temperature, etc., 
ascend together. Furthermore, the afferent stimuli which may affect conscious- 
ness, i.e., the sensory stimuli, are segregated in the cord from the nonsensory 
impulses w'hich are concernetl with the more elaborate reflex systems served 
by the brain stem and the cerebellum. 


THALAMUS 

The sensory impulses teach the thalamus, the nonsensory reach the cerebeUum 
and Ihe reflex centers of the brain s,tcm. Thus the spinal cord, m addition to its 
reflex function, transforms iinimlses from tlie first sensory or reflex level to the 
secondary sensory level served by the thalamus. The nerve fibers from spinal 
cord to thalamus belong to neurons of the second order. Likewise the nonsensory 
afferent impulses destined for the more elaborate reflex activities of muscular 
coordination, etc., are segregated in the spinal cord and relayed through neurons 
of the second order to higher brain centers. Within the thalamus the different 
functional types of impulses are distributed to the various nuclei. As described 
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THE THALAMUS AKD THE CEREBRAL CORTEX 

pulses so that pain and reactions to it, which are responses for body protection, 
do not become predominant in our activities. According to Drinker the severity 
of pain is ordinarily lessened by inhibition from the cortex. This allows dis- 
crimination as to the source, seriousness, and possible means of avoidance or 
cessation of the stimulus. ‘Tf pain were too violent we should be reflexly uuth- 
drawing, running or snarling on all occasions.” 

In addition to pain and temperature impulses, tlie thalamus receives impulses 
of touch, pressure, and conscious proprioceptive impulses, as well as integrated 
proprioceptive impulses from the cerebellum which do not reach consciousness. 
As already stated, there are also the special sensory impulses to the geniculate 
bodies. Impulses of visceral sensibility are regarded as reaching the thalamus, 
since visceral stimuli produce greater discomfort as well as more marked re- 
sponse in "thalamic” cases. Pleasurable visceral stimuli are also increased. 

In general the thalamus may be considered as a relay station for all sensory 
impulses into other areas of the thalamus or into the cerebral cortex. In the 
thalamus certain sensations are consciously recognized, particularly those of 
pleasure and pain, comfort and discomfort, and probably emotion. These, how- 
ever, are of the "all or nothing” type. The threshold of stimulus is raised but 
the effect is also increased out of proportion to the stimulus. Patients with 
lesions of the cortex on one side, involving loss of conical recognition of stimuli, 
state that thermal stimuli arc hotter or colder on the affected side, where they 
reach only the thalamus, than they are on the normal side. Other stimuli pro- 
duce greater discomfort or greater pleasure sensation on the affected side, if 
fell at all, tlian on the normal side. For impulses involving awareness and 
primitive protective reactions beyond tlie spinal reflex level the thalamus may 
be regarded as an end organ. The impulses may be relayed to the cerebral cortex 
for hner discrimination. Thalamic function is concerned with the quality of 
sensations, while cortical function has to do with discrimination. 

Thalamic Syndrome (Syndrome of Dejerine-Roussy).— This syndrome 
shows many variations, according to the location and size of the lesion. It is 
characterized by diminished sensation in the entire half of the bod;- opposite 
the lesion, deep pressure, point discrimination, sense of position, etc., being more 
markedly affected than pain, temperature or light touch sensibility. There are 
severe spontaneous paroxysms of uncontrollable pain and exaggerated responses 
to pain and temperature stimuli when these pass the heightened threshold of 
receptivity. Some motor paralysis, diminished muscle tone, muscular incoordina- 
tion. tremor and involuntary spasmodic movements also may appear on the side 
opposite the lesion. The sensory and motor disturbances are due to involvement 
of the respective pathways or of their way stations in or near the thalamus. The 
ataxia, diminished tone and spasmodic, choreiform movements are regarded as 
due to involvement of the cerebellar pathway to the cerebral cortex 
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in Chapter 17 the thalamus consists of a number of nuclei receiving groups 
of secondary fibers and projecting fibers of the third order to the cerebral 
cortex. The posterovcntral nucleus receives exteroceptive and proprioceptive 
stimuli from the spinal cord and the trigeminal nuclei of the medulla oblongata. 
It projects fibers to the postcentral convolution of the cortex (areas 3-1). The 
lateroventral nucleus receives intqjratcd nonsensory impulses from the cere- 
bellum and projects fibers to the precentral and premotor areas of the cortex 
(areas 4 and 6 of Brodmann). 

The posteromedial ventral nucleus receives secondary fibers from the face 
and neck and projects to the sensory face area in the postcentral convolution 
(areas 3-1 of Brodmann). The posterolateral ventral nucleus receives secondary 
exteroceptive fibers from the arm. trunk and leg and projects to the sensory 
arm, trunk and leg areas of the postcentral gyrus (areas 3-1 of Brodmann). 

Other parts of the thalamus, as described in earlier chapters, receive and pro- 
ject special somatic sensory fillers. The lateral geniculate body receives the 
optic fibers, which are neurons of the second order, from the retina, and projects 
neurons of the third order to the \'isual cortex of the occipital lobe (area 17). 
The medial geniculate body receives fibers from the auditor)* centers of the 
medulla oblongata and projects to the transverse temporal g)'ri of the temporal 
lobe (areas 41 and 43). Tlie olfactory fibers also are projected from olfactory 
centers such as the amygdaloid nucleus, wluch ore nonthalamic, to the uncus 
and uncinate gyrus of the archicortex. Tliese projection fibers to distinct areas 
of the cerebral cortex carry only their respective t)'pes of stimuli. The cortical 
areas involved receive these as their principal and characteristic afferent impulses. 

Many of the stimuli received by the skin and sense organs never reach the 
cortex. The thalamus exerts a selective inhibition which may be illustrated as 
follows (Evans) : If the “cold spots” on the hand, after being localized by a 
blunt rod cooled, for example, to 15® C, are stimulated by a rod heated to 
45® C,, the sensation experienced is still that of cold. If instead of a rod a 
larger surface capable of stimulating a considerable skin area, including both 
“warm” and “cold” spots, be applied to the skin after being heated to 45* C, 
the sensation is one of warmth only. The response of the “cold” spots fails to 
reach consciousness. This selection must take place in the thalamus, illustrating 
an important function of this part of the brain as the antechamber to the cerebral 
cortex. 

Not all stimuli need be relayed to the cortex to be felt. Impulses of pain, 
pressure, heat or cold appear to be recognized in the thalamus. This has been 
shown by responses of animals from which the cortex has been removed, as 
well as in human cases with complete destruction of the sensory cortex. Judg- 
ment of intensity of the stimulus, localization, etc , however, are lost. Head 
holds that the thalamus is the terminal organ of the nervous system for pain 
and temperature sensations but that it is under the dominance of the cerebral 
cortex. There is evidence that the cortex inhibits overactivity of sensory im- 
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pulses so that pain and reactions to it, which are responses for body protection, 
do not become predominant in our activities. According to Drinker the seventy 
of pain is ordinarily lessened by inhihition from the cortex. This allows dis- 
crimination as to the source, seriousness, and possible means of avoidance or 
cessation of the stimulus. “H pain were too violent we should be reflexly with- 
drawing, running or snarling on all occasions.” 

In addition to pain and temperature impulses, the tlialamus receives impulses 
of touch, pressure, and conscious proprioceptive impulses, as well as integrated 
proprioceptive impulses from the cerebellum which do not reach consciousness. 
As already stated, there are also the special sensory impulses to the geniculate 
bodies. Impulses of visceral sensibility are regarded as reaching the thalamus, 
since visceral stimuli produce greater discomfort as well as more marked re- 
sponse in “thalamic” cases. Pleasurable visceral stimuli arc also increased. 

In general the thalamus may be con5iderc<l as a relay station for all sensory 
impulses into other areas of the thalamus or into the cerebral cortex. In the 
thalamus certain sensations are consciously recognized, particularly those of 
pleasure and pain, comfort and discomfort, and probably emotion. These, how- 
ever, are of the “all or nothing” type. The threshold of stimulus is raised but 
the effect is also increased out of proportion to the stimulus. Patients with 
lesions of the corte.x on one side, involving loss of cortical recognition of stimuli, 
state that thermal stimuli are hotter or colder on the affected side, where they 
reach only the thalamus, than they are on the normal side. Other stimuli pro- 
duce greater discomfort or greater pleasure sensation on the afTected side, if 
felt at all, than on the normal side. For impulses involving awareness and 
primitive protective reactions beyond the spinal reflex level the thalamus may 
be regarded as an end organ. The impulses may be relayed to the cerebral corte.x 
for finer discrimination. Thalamic function is concerned with the quality of 
sensations, while cortical function has to do with discrimination. 

Thalamic Syndrome (Syndrome of Dejcrine-Roussy). — This syndrome 
shows many variations, according to the location and size of the lesion. It is 
characterized by diminished sensation in the entire half of the body opposite 
the lesion, deep pressure, point discrimination, sense of position, etc., being more 
markedly affected than pain, temperature or light touch sensibility. There are 
severe spontaneous paroxysms of uncontrollable pain and exaggerated responses 
to pain and temperature stimuli when these pass the heightened threshold of 
receptivity. Some motor paralysis, diminished muscle tone, muscular incoordina- 
tion. tremor and involuntary spasmodic movements also may appear on the side 
opposite the lesion. The sensory and motor disturbances are due to involvement 
of the respective pathways or of their way stations in or near the thalamus. The 
ataxia, diminished tone and spasmodic, choreiform movements are regarded as 
due to involvement of the cerebellar pathway to the cerebral cortex. 
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GENERAL CONSIDERATIONS ON CORTICAL FUNCTION 

Since, in other organs of the body, structural specialization means functional 
difference, it is held by many that such is more or less the case in the histologi- 
cally different parts of the cerebral cortex generally. The phylogenetic develop- 
ment of various parts of the brain, as shown by comparative neurologists, indi- 
cates that speeialization of function goes liand in hand with specialization of 
brain structure. Certain parts of the cortex clearly show this in man as already 
noted. The .striate area of the occipital lobe, for example, is obviously a localized 
part of the cerebral cortex for reception of conscious visual stimuli. There is 
even a very definite projection upon it from specific parts of the lateral genicu- 
late body, which in turn has specific regions for termination of fibers from 



Fig 227.— Latcual View of Lfft Ckbebral Hemisphere Snowisx Arfas of 
Functiokal Localization 

definite quadrants and zones of the retina. Also the motor area (area 4) sliows 
an increase of size of the pyramidal cells in layer V, togetlier with reduction of 
the granular la>ers, giving it differentiation of structure. These are examples 
of projection arras, the one sensory, the other motor, which have definite pat- 
terns of structure associated with specific functional t\pe. The other chief 
ascending projection systems also terminate in specific and more or less clearly 
defined cortical areas. 

A second type of functional localization is shown by the association systems 
between different parts of the brain. The cells and fibers of these systems have 
a fixed pattern of arrangement and are regarded as forming the anatomical basis 
for segregating the sensory experiences produced by the various stimuli which 
reach the analytic sensory projection areas In the association areas these dif- 
ferent experiences are believed to be recombined into various patterns of response 
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(Herrick). These patterns are then carried to performance through the motor 
projection areas. 

T!ie cerebral cortex is thus made up of projection areas and oriociahoii fircar. 
The latter are the most significant features of the brain in man. Associational 
fibers are found in all parts of the cortex. Associational areas and projection 
areas are not sharply separated, for projection fillers, while more concentrated 
in the specific projection areas, are found also in the association areas, especially 
in the zones immediately adjacent to the prtijection areas. The various parts of 
the brain are so interconnected by associational jiathways tliat normally the entire 
organ must be regarded as functioning as a unit. Some local areas, however, 
may he brought to specific functional activity by local stimulation or by local 
application of strychnine. Severe injury to one part, on the other hand, may 
throw the whole organ out of orderly functional activity for a time, as in the 



Fif. 228— Mfimau ViFW OF Lrrr CrRmuM. Hfmisphfrf Siio\\in-g Arf\s or 
FuNCiioxAt Locauzatiox, 

shock and loss of cousciovisncss of apoplectic stroke. In such cases, however, 
unless there has been very serious injury to a considerable part of the brain, 
consciousness returns and most of the nervous functions arc gradually restored. 
The function of destroyed cerebral tissue, however, is not restored. 

The association areas are to be regarded as focal points of association tracts 
and fibers, rather than cortical areas of specific mental functions (Herrick) . Such 
associational foci are regarded as the necessary mechanism for memory, which 
appears to be a function of the associational cortex. In such areas as the visual- 
psychic and the auditory-psychic centers, where certain t\pes of function are 
specifically performed, there is probably a preponderance of specific fiber systems. 

A third system of connections in the cortex consists of a mass of unspecialized 
nervous tissue which infiltrates the association and projection areas. In lower 
mammals, like the rat, the intermingling of nonspecific tissue with tlie sensory 
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and motor projection areas is very considerahic. In the higher primates the latter 
areas have become more and more scgregatcrl into structurally specialized and 
functionally more or less specific areas. The association areas between them 
have increased in extent. In man the process of specialization of certain regions 
has gone even further as pointed out above, l)ut a great mass of the generalized 
type of nervous tissue rcinains. This permeates throughout the projection and 
association areas as well as the less specifically organized parts of the cortex. In 
contrast to the highly organized striate area, for example, which serves only 
visual function, this nonspecific tissue varies in function from moment to moment 
and is the plastic material of the cortex. 

In the light of these general considerations some of the more important con- 
clusions from experimental and clinical study of cerebral function may be 
described with greater understanding. Lasliley, as the result of training rats 
in conditioned reflexes and subsequently destroying parts of their brains, con- 
cluded that their capacity to learn was reduced in proportion to the amount of 
brain tissue destroyed, without reference to the patterns of the cyto-arclutectonic 
fields removed. In other words, the total wltime of cortical tissue, rather than 
anatomical specialization, appeared to be the determining factor. Destruction of 
a projection area, such as the visual cortex, in the rat, results in sensory loss 
for a time, but restoration of function by ncighlioring parts of the cortex is soon 
accomplished. In man functional restoratioti occurs to a limited extent, after 
destruction of some parts of the brain. This is more marked in the infant than 
in the adult. Some forms of sensation, however, are permanently lost in man 
after their areas are destroyed, 

Pavlov found that removal of the posterior portions of the cerebral cortex in 
dogs destroyed the activity of the analyzers for acoustic and visual reflexes, 
while tactile reflexes U’ere little dlsturljed. Bilateral remoN-al of the anterior half 
of the cerebral cortex destroyed the tactile analyzer, but bad little effect on 
visual or auditory conditioned reflexes. Removal of the temporal lobes produced 
greatest damage to auditory conditioned reflexes, although it did not completely 
destroy them. The dog could learn to respond to single tone stimuli, but not to 
complex sounds such as calling his name. Pavlov concluded that the function of 
the cerebral cortex is to establish ne%v nervous connections and thus to ensure 
proper functional correlation between organism and environment. It is the essen- 
tial organ for establishing and maintaining conditioned reflexes. 


THE MOTOR CORTEX 

Experimental studies on animals, including primates and the more recent 
studies of Foerster, Penfield and others on man. have demonstrated clearly that 
area 4, the “strip area’'’of the precentral gyrus, when stimulated, as by an electric 
current, gives rise to isolated movements of single muscles or of groups of 
muscles on the opposite side of the body. The general pattern of localization 
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appears to be the same in various mammals. Elliot Smith indicates leg, trunk 
and arm areas in the marsupial cortex. The number of points giving rise to 
discrete movements increases in the phylogenetic scale, being more numerous in 
the higher apes than in monkeys and more numerous in man than in the apes. 
Penfield also has elicited vocahzation in man by stimulating a small part, area 
4c, of the motor area. This was done in conscious patients during the surgical 
removal of brain tumors. The vocalization could not be voluntarily suppressed 
when elicited by stimulation. Another focus, slightly rostral to area 4c, on 
stimulation, can inhibit voluntao’ sound production. Destruction of area 4. on 
the other hand, results in paralysis of voluntary movements, especially skilled 
movements. Here again the degree of motor paralysis is greater in man and 
the higher apes than in the lower forms. 

The giant pyramidal cells of Betz, found in layer V of the cortex of area 4, 
have been proved to be chiefly responsible for individual movements such as 
descriVjed. When these cells are destroyed, stimulation of the area produces no 


responses. Section of the pyramidal tracts also results in loss of the responses, 
and in chromatolysis of the Betz cells. Young animals are tinable to perform in- 
dividual movements before the Bctr cells and their fibers arc completely devel- 
oped. There is therefore evidence for specific function by at least one individual 
type of cortical cell. It has long been known that destruction of the motor cortex 
on one side results in permanent motor paralysis on the opposite side of the 
body. 

The functions of the cerebral cortex have been studied by animal experimenta- 
tion as well as by clinical observation. Early in the 19th century Gall and Spurz- 
heim established the school of the phrenologists, who held that there are centers 
in the brain for various mental characteristics. These, it was claimed, could be 
determined by study of the areas on the skull presumably raised by hypertrophy 
of the brain parts beneath. The French physiologist, Flourcns, showed the falsity 
of this view and concluded from his experiments on animals that the cortex 
must function as a whole, with no specific areas. Fritsch and Hitzig, however, 
in 1870. demonstrated that certain parts of the cortex, on electrical stimulation, 
produce muscular responses. 


Area 4 receives fibers from the postcentral gyrus (areas 3-1-2, especially) in 
the form of short arcuate fibers. Impulses received by this sensory area are 
relayed to the motor area through this connection. The postcentral gyrus was 
indeed, first thought to be the motor area since muscular response to stimulation 
behind the central fissure nas obtained. Subsequent studies, including section 
through the cortex between precentral and postcentral gyri, followed by stimula- 
tion of area 4 of the precentral gyrus, Irave localized the motor area as above 
desenbed Area 4 also recerves projection fibers from the thalamus which relay 
unconscous propnocept.ve impulses from the cerebellum. These undoubtedly 
play a role m governing the initiation of impulses in the motor area ' 

Other areas of the cortex also are capable of giving rise to muscular move- 
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ments. Fulton and others have shown tliat tl>e premotor area (area 6a of Brod- 
mann) gives rise to extrapyramidal projection fibers discussed in cliapter 23. 
Stimulation of the premotor area, when the motor area (area 4) is intact may 
bring about specific movements, but these no longer appear if area 4 is destroyed 
or if the cortex is incised between areas 4 and 6a, cutting the arcuate fibers. 
Destruction of area 6a disturbs the skilled movements and brings about disturb- 
ances of posture with transitory suspension of voluntary movement, rigidity of 
muscles (cataleptic rigidity), etc. - • 



From Papez, after P. Bailey, Arch Ncur. & Psychtal., Vol. n, 1924, copied from ifarie 
and Foix. 

Still other parts of the cortex have vaiious regulatory motor functions. Area 
19 of the parietal lobe has to do with constriction of the pupils, area 8, of the 
frontal lobe, with external movements of the ere, etc. A special modification of 
the premotor area is found in the third left frontal convolution (area 45). This 
is regarded by Fulton as an elaboration of the premotor area for the face. It 
was described by Broca and is known as Broca’s speech center. Lesions in this 
area, as tumors in right handed persons, are usually accompanied by motor dis- 
turbances in the speech meclianism, known as “motor aphasia.” The patient 
knows what he wishes to say but is unable to coordinate the muscles necessary 
to produce the words It is noteworthy that this highly specialized area for co- 
ordination of the muscles of speech is found in one hemisphere only (the 
dominant) in man. It is not present in primates or other mammals. 
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VISCERAL MOTOR FUNCTIONS OF THE CEREBfL^L CORTEX 
The cerebral cortex exercises a control over visceral functions also. It has 
long been known that in man the e.xlrctnitics of the affected side show increased 
temperature in the acute stages of hemiplegia. In old standing cases, however, 
the temperature is usually lower on the affected tlian on the normal side. Experi- 
mental destruction of area 4 in monkeys was followed by reduced temperature 



zone in which lesions produce inability to carry out purposive voluntary movements 
(gliedkinetic apraxia) , J, zone tn which lesions are followed by disturbance of initiation 
of movement (ideokinetic apraxia) ; 3, zone in which lesions are followed by loss of memory 
and idea of acts (ideational apraxia). 

Co., precentral gyrus; Cp., postcentral gyrus; Rwi/., inferior frontal gyrus; F.mcd , medial 
frontal gyrus; F-sup., superior frontal gyrus; Gsm, supramarginal gyrus; 0 hif , inferior 
occipital gyrus; O in , medial occipital gyrus; Opf., frontal operculum; Opr., operculum; 
Os, superior occipital gyrus; S p., posterior limb of Sylvian fissure; S.z’., anterior hmb 
of Sylvian fissure; T in/., inferior temporal g>rus; T vt , medial temporal gyrus; T p , deep 
temporal gyrus; T sup , superior temporal gyrus. From Papez, after P. Bailey, Arch. Ncur. 
& Psychiat , Vol. ii, 1924, copied from Liepmann. 

tn the opposite extremities (Kennard). Such changes must be due to peripheral 
vasomotor effects. Electrical stimulation of areas 4 and 6 in animals has resulted 
in both vasoconstriction and vasodilatation, according to the area stimulated. 
(Cardiovascular effects, including changes in blood pressure and heart rate, as well 
as effects on the digestive tract, have been produced by electrical stimulation of 
the cerebral cortex. The production of perspiration is also affected by the cortex, 
wbjcJj seems to have a part in the heat regulation of the body. The region from 
which such effects may be induced are largely intermingled with motor areas 4 

307 



A TEXTBOOK OF NEURO-ANATOMY AND THE SENSE ORGANS 
ments. Fulton and others have shown tliat the premotor area (area 6a of Brod- 
mann) gives rise to extrapyramfclal projection fibers discussed in cliapter 23. 
Stimulation of the premotor area, when the motor area (area 4) is intact may 
bring about specific movements, but these no longer appear if area 4 is destroyed 
or if the cortex is incised between areas 4 and 6a, cutting the arcuate fibers 
Destruction of area 6a disturbs the skille<l movements and brings about disturb- 
ances of posture with transitory suspension of voluntary movement, rigidity of 
muscles (cataleptic rigidity), etc. 



From Paper, after P Badey, Arch. Ntur & PsyeMat., Vol. 11, 1924, copied from Marie 
and Four. 

Still other parts of the cortex liave rarious regulatory motor functions. Area 
19 of the parietal lobe has to do with constriction of the pupils, area 8, of the 
frontal lobe, with external movements of the e\’e, etc. A special modification of 
tlie premotor area is found in the third left frontal convolution (area 45). This 
is regarded by Fulton as an elaboration of the premotor area for the face. It 
was described by Broca and is known as Broca’s speech center. Lesions in this 
area, as tumors in right handed persons, are usually accompanied by motor dis- 
turbances in the speech meclianism, known as “motor aphasia ” The patient 
knows what he wishes to say but is unable to coordinate the muscles necessary 
to produce the words. It is noteworthy that this highly specialized area for co- 
ordination of the muscles of speech is found m one hemisphere only (the 
dominant) in man It is not present in primates or other mammals. 
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cause the parts ol the brain inchided in them do not show the six layers charac- 
teristic of the neocortex (isocortex of Vogt). Most of their connections indicate 
that they are associated with olfactory function. There is some evidence, not 
conclusive, for adding gustatory and other visceral sensory functions. In mam- 
mals which have no olfactorj' bulb (water mammals like the porpoise) the 
archicortex is much reduced. Man and primates, with small olfactory bulbs and 
reduced olfactory sense (microsmatic animals), nevertheless show a very large 
development of the archicortex. In the opossum, which is one of the most 
primitive of living mammals, the olfactory centers are greatly developed. The 
parts of the cerebrum related to smell are the most prominent portions of the 
cerebral hemispheres, the two sides being connected by the large anterior com- 
missure. 

The neocortex of the opossum is relatively simple and has no corpus callosum, 
such connections as exist between its two sides apparently being senxd by the 
anterior commissure. The neocorte.x in all mammals primitively serves as the 
projection cortex for general liody sense, sight, hearing, and combinations of 
these. The first part of the neocortex to develop in the rat is the parietal region. 
This IS followed by differentiation of other areas. When it reaches the stage of 
functional development demanding considerable association between the tuo 
hemispheres, the corpus callosum develops as the largest commissure of the 
brain. It arises from cells m the frontal and parietal areas of the neocortex 
By its growth and the growth of the pans it connects, the more primitive parts 
of the cerebrum arc submerged. 


Thirteen areas have been described in the neocortex of the adult rat, thirty- 
six in the cat and fifty-two major areas, with accessory areas making a total of 
more than two hundred, os stated above, in man. These are distinguished, as 
described m chapter 22 , by individual variations in the six cortical lasers. The 
internal granular layer (layer IV) shows the greatest variation, becoming much 
thickened m certain parts of the cortex and disappearing altogether in other 


parts Tins layer is regarded as the receptive layer of the cortex by many neurol- 
ogists but specific functions of reception, association and projection cannot be 
sliarply ascribed to individual layers of the cortex. All the layers, as pointed 
out by Fulton, save I and II, receive specific afferent fibers, so no one layer 
can be regarded as the exclusive receptor. Ukewise all the laminae, except 
la\cr I, send fibers, either of projection or association, to other parts of the 
nervous system, so no one layer is the exclusive effector laver. Layer V in the 
precentral region contains pyramidal cells which give rise to the corticospinal and 
cxirapyranudal motor tracts, but it also gives rise to association fibers The gen- 
eral pattern of histological structure of the cortex shows that descending axons 
from layer I airry impulses to layers V and VI. From these layers they are ear- 
ned upnard again by axons of the Martinotti cells to lavers 11 and III Asso 
canon fibers end in layers II. Ill and VI, where their' impulses may modify 
those set up m local cortical areas. ^ 
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and 0 of ihc frontal lol)c, hut accnnllng to FtiUnn, areas 9, 3. 1 and 2 , as well 
as 8 and 19, arc included. Symjiathclic and parasympathetic effects may lie 
produced separately, with evidence that they arc ncr\’ous rather than the result 
of endocrine involvement. Normally the cortical influences on the visceral motor 
system arc inhibitory. Tlicir effects prolahly reach the blood vessels, glands, 
etc., through the hypothalamus and its patlnv.iys for visceral motor conduction. 

SENSORY CORTEX 

Study of the living human cerebral corlc.’c has necessarily been limited to 
favorable cases associated with surgical exiwhurc. Some of these clinical studies 
have been made on almost cxpcrimenia! planes of accuracy. In 1909 Cusliing 
reported the results of stimulating jiarts of the cerebral cortex of a conscious 
patient being operated for cerebral tumor under conditions that forbade a general 
anesthetic. With the cooperation of the patient he found that stimuli applied to 
the superior part of the postcentral g>'nis produced sensations of touch, pressure 
and temperature which appeared to arise in the lower extremity. Sensations 
from stimulation of the middle part of the gyrus were referred to the trunk. 
Stimuli applied to the lower part of this gyrus gave rise to sensations referred 
to the face. These observations have been confirmed by Focrslcr and others. 
Such intensive studies of the cerebral cortc.x and Its %’arious areas by both 
experimental and clinical methods has resulted in a great mass of information 
on the various regions of the cortex. 

As described in cliaptcr 22 , tbc cerebral cortex lias been mapped out by 
Broclmann, Economo and tbc Vogts into a large number of histologically differ- 
ent zones, more than 200 being recognized in the human cortex by the last 
named investigators. To a limited c-xtent sjiccial receptive or effective functions 
have been attached to various areas in addition to those already named, but 
correlation of structure and function is far from established for the brain as a 
whole. 


ARCHiCORTEX, PALEOOTRTCX AND XEOCORTCX 

The studies of Tilncy on lower mammals indicate that there are three stages 
in the development of the cerebral cortex, namely, arcliicortex, paleocortex and 
neocortex The arcliicortex is the most ancient and includes the indusium griseum, 
the dentate gyrus, the subicular and presubicular areas, and adjacent parts. To- 
gether with the olfactory bulb, the arcliicortex forms the oldest part of the 
cortical apparatus for elaboration of sensory stimuli. The paleocortex, including 
the pyriform and postpyriform areas, the olfactory tubercle, the parolfactory 
area, the amygdalar and rlitnal areas together \vith adjacent areas, form a zone 
of transition to the neocortex, both structurally and functionally. 

The arcliicortex and paleocortex are sharply bounded from the neocortex by 
the rhinal fissure. They are called the allocortex (other cortex) by Vogt be- 
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cause the parts of the brain incliidetl in them do not show the six layers charac- 
teristic of the neocottex (isocnrlcx of Vogt). Jtost of their connections indicate 
that they are associated with olfactory function. There is some evidence, not 
conclusive, lor adding gustatory and other visceral sensory functions. In mam- 
mals which have no olfactory bulb (water mammals like the porpoise) the 
archicortex is much reduced. Wan and primates, with small olfactory bulbs and 
reduced olfactory sense (mtcrosmatic animals), nevertbeless show a very large 
development of the archicortex. Jn the opossum, which is one of the most 
primitive of living mammals, the olfactory centers are greatly developed. The 
parts of the cerchrum related to smell are the most prominent portions of the 
cerebral hemispheres, the two sides being connected by the large anterior com- 
mtssure. 

The neocortex of the opossum is relatively simple and has no corpus callosum, 
such connections as exist between its two sides apparently being served hy tlic 
anterior commissure. The neocortex in all mammals primitively serves as the 
projection cortex for general body sense, sight, hearing, and combinations of 
these. The first part of the neocortex to develop in the rat is the parietal region. 
This is followed hy difTereniiation of other areas. When it reaches the stage of 
functional development demanding considerable association between the two 
hemispliercs. the corpus callosum develops as the largest commissure of the 
brain. It arises from cells m the frontal and parietal areas of the ucocorles. 
Hy its growth and the growth of the parts it connects, the more primitive parts 
of the cerebrum are submerged. 

Thirteen areas have been described in the neocortex of the adult rat. thirty- 
six m the cat and fifty-two major areas, with accessory areas making a total of 
more than two hundred, as stated above, in man. These are distinguished, as 
described in chapter 22 , by individual variations in the six cortical laiers. The 
internal granular layer (layer IV) shows the greatest variation, becoming much 
thickened in certain parts of the cortex and disappearing altogether in other 
parts. This layer is regarded as the receptive layer of the cortex by many neurol- 
ogists but specific functions of reception, association and projection cannot be 
sharply ascnlied to individual layers of the cortex. AH the layers, as pointed 
out by Fulton, save I and II, receive specific afferent fibers, so no one layer 
can be regarded as the exclusive receptor. Likewise all the laminae, e.xcejjt 
la>er I. send fibers, cither of projection or association, to other parts of the 
nervous system, so no one layer is the exclusive effector layer. Layer V in the 
precentral region contains pyramidal cells which give rise to the corticospinal ajid 
cxtrapyramidaf motor tracts, but it also gives rise to association fibers. The gen- 
eral pattern of histological structure of the cortex shows that descending a.xons 
from layer I carry impulses to layers V and VI From these layers they are car- 
ried upward again by axons of the Martinotti cells to larers II and III. Asso- 
ciation fillers end in layers 11, III and VI, where their' impulses may modify 
those set up in local cortical areas. 
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The sensory projection areas arc the gate^vays for analysis and entrance of 
impulses into the cortex. Tlic association areas form the meclianism for recombi- 
nation. Tlie motor projection areas Iiavc as tlieir tnain function the initiation 
of motor responses, but tlic entire cortex, through the interreJation of layers as 
described, functions as a unit in integrating the impulses, past and present, which 
Jiavc impinged on tlie cortex. 



Fifl. 231— Points in Sensorv Cortex at Wiiicit Stimulation Broocht Forth 
Sensation in Conscious Human Patients. 

Black dots represent points producing actual sensory responses referred to some part of 
tlie body After Penficld and Boldrey, from Fulton, Physiology of the Nervmis Sysicjn, 
1938, Oxford University Press, New York. 

PAKIETAL LOBE 

Electrical stimulation of the tipper jiart of the postcentral convolution in con- 
scious human patients gives rise to sens-ntions of cutaneous stimuli referred to 
specific parts of the body. When the supenor part of the postcentral gyrus is 
stimulated sensations apparently arising m the lower extremity are felt. The 
middle portion of the gyrus gives sensations referred to the trunk and upper 
extremity. In the lower part of the gyrus the sensations are referred to the 
face. These observations have been confirmed many times. The sensations in- 
volved are touch, pressure, sometimes temperature, but never pain. The distribu- 
tion m the postcentral gyrus (areas 3, 1, 2) of these limb, trunk and face 
sensory regions is opposite the motor points for the respecth’e parts of the 
body in the precentral gyrus. It also corresponds to the distribution of the thala- 
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macortical projection fibers from the corresponding parts of the hod}'. Stimula- 
tion in front of the central fissure produces movement with no sensory 
phenomena. Stimulation behind the fissure produces either the sensation alone 
or a sensory experience (aura) related to that produced by stimulation of the 
specific region involved. This is followed by localized movement of muscles. 
Areas 5 and 7, according to Foerster, also yield sensory responses on strong 
stimulation. Application of strycimine to localized areas of the parietal cortex 
in monkeys (Dusser de Barenne) produces sensations on the body surface so 
that the animals respond by biting or scratching the skin surface to which the 
sensation is projected. There is also evidence of disturbance of deep sensibility. 

The three major sensory areas of the postcentral gyrus, namely, (i) leg area, 
(2) arm area and trunk area, and (3) face area, have sharp divisions respected 
even by strychnine, which generally causes diffuse discharge when introduced 
into the central nervous system. Sensory impressions may be produced in other 
parts of the parietal lobe. Many of them arc not so sharply localized as those 
described, and some are entirely unlocahzcd. The area for sensory projection 
agrees, as marked out by strychnine, with that shown by distribution of the 
tbalamocorUcal fibers The precentral gyrus also is included as a sensory area, 
according to Dusser de Barenne’s results. This docs not entirely agree with 
ablation experiments, but demonstrates that “strychnine, in bringing out the 
maximum of sensory functions, blurs fine functional differentiation.'' 

Stimulation of a few square millimeters of sensory arm area causes symptoms 
in both arms, suggesting that the small area of activated cortex serves to “fire 
off” the whole sensory arm region in the corresponding thalamic nucleus. Ac- 
cording to results obtained by Dusser de Barenne. stimulation of any part of the 
sensory cortex, save the visual, may “fire off" other parts of the cortex. Evi- 
dence points to an interaction between the sensory cortical areas and all parts 
of the thalamus save the medial nucletrs. Chnical literature shows that lesions of 
the parietal lobe may give rise to sensory defects which have a dermatomal dis- 
tribution It has been shown experimentally that within areas 3, i, 2 the sur- 
face of the apposite side of the body is represented in a definite pattern which 
corresponds to the segmental arrangement of the innervation of the body and 
extremities. 

The thalamocortical projection fibers end in areas 4. 6 and in the parietal lobe. 
Areas 4 and 6 receive the “silent" impulses from the cerebellum from the latero- 
ventral nucleus. Tlie postcentral gyrus receives the projections relayed from 
the somatic sensory systems of the spinal cord and the trigeminal nuclei. Cor- 
related studies of the thalamocortical projections and of cyto-architectonic struc- 
ture of the parietal lobe have shown a number of sensory areas which may have 
more or less distinct functional significance. However, careful observation and 
correlation of clinical and experimental data are necessary before this can be 
established. 

It has also been shown that areas 5 and 7 are related to discrimination of 
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clifFcrcnccs in wciglit. Ltsions cit the left angular gyrus in right-handcrl human 
heings, involving, as a rule, the base of the first anil scconil Icmporal gyri, 
Iiroiiucc a type of sensory aphasia, tlescribed by Wernicltc, in which the patients 
arc unable to understand spoken or written language. They can speak and 
can write, but their speech is likely to have no meaning and their writing is 
merely copying. The sigmoid gyms is necessary to conditioned response to muscle 
sense stimuli from flc.xion of a joint. Tactile conditioned rcne.Ncs appear to 
require the coronal and cctosylvian gyri, although the mcclnnism e-xtends be- 



Fic 232 — Djacram of Lkft Cekebral IlKMisriiuir, Suowino Areas Which Give 

RjbE TO MOVtMTNT OR SfKSATION WjIF.N ElFCTRICAU.V StISIULATCD. 
Redrawn from Foerstcr and Pcnficid, ly^o. 


yond tliesc gyri. Lashley found that iwictal lobe lesions in rats have no effect 
on learned habits of maze running, niani])ulation, etc. 

In general the parietal lobe contains the projection areas for cutaneous and 
muscle sense stimuli, together with related association areas. 

OCCIPITAL LOBE 

Experimental and clinical studies liave been consistent in showing visual 
defects from removal of the ocapital lobe in animals and man. One-sided removal 
results in blindness of the half of both retinas corresponding to the lobe re- 
moved. These results were obtained in lower animals by Flourens as early as 
1823 They were subsequently confirmed in monkeys and man. Removal of both 
lobes produces total blindness. In 1911 Minkowski showed in dogs that the 
visual cortex was confined to the striate area. Tins has been confinned m other 
animals and man, so that area 17 is now recognized as the projection area of 
conscious vision. 
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the thalamus and the cerebral cortex 
Lashlev showed that in the rat sufficient vision remains in subcortical areas, 
after extirpation of the occipital lobe, to recognize food, avoid obstacles, etc. 
The dog can recognize differences of light intensity after the visual cortex is 
destroyed. It also retains the power to form Irabits of light discrimination, al- 
though total psychic blindness results from the cortical injury. It appears possible 
that the tectum retains sxifficienl visual functiotv m the dog for light discrimina- 
tion. In nionheys light perception is retained, but in man complete and perma- 
nent blindness results from destruction of the striate area. AH visual reflexes, 
save the pupillary, are also lost. Blindness in the retinal field of the same side 
(homonymous hemianopsia) follows radical extirpation of the occipital lobe, 
but macular vision remains. Removal of the optic radiations with the temporal 
lobe, however, results in hemianopsia including half of the macula. There appears 
to have been a phylogcnetically progressive assumption of visual function by the 
higher centers of the nervous system, reaching its culmination in man in assump- 
tion by the cortex of almost complete control over visual response. 

TEMPORAL LOBE 

Aiidtiory Area — It has been known since 1875 that the temporal lobe is con- 
cerned with conscious hearing. Ferrier produced deafness in dogs hy injury to 
this lobe. In 1878 Heschl showed that the auditory radiations in man reach the 
transverse temporal gi-ri (areas 41 and 43), called after him, which may be 
regarded as the primary auditory cortex. These gyri receive fibers from the 
medial geniculate bodies. Area 22 is also related Stimulation of the auditorv 
areas in conscious human subjects produces ringing sounds (tinnitus) and 
sensations of buzzing and roaring. Ablation of the temporal lobes does not 
cause complete deafness but there is loss of acuity, and of recognition of direc- 
tion of sound and memory for auditory impressions. Bilateral removal of the 
temporal lobes is followed by disturbances in understanding of spoken lan- 
guage. The transverse gyri of Heschl have l>cen shown by Frazier and Rowe by 
study of the effect of verified temporal lobe tumors in man to be the correlation 
and association region of auditory stimuli, i.e., the auditopsychic area. These 
results have recently been confirmed experimentally in monkeys by W^alker. 

The simptoms descrilied in man are bilateral, due to connection of each ear to 
both sides of the cerebral cortex. In some of the patients tested, olfactory dis- 
turbances also were found with partial or complete loss of ability to distinguish 
odors. Uncinate attacks, with responses related to those from olfactory and gus- 
tatory stimuli, also are occasionally encountered, as are olfactory haHucinations 
of disagreeaWe^ odors. These conditions are regarded as due to involvement of 


. . to have a vestib- 

i«ujeu,on area related to the auditory area. Stimulation of the restibular 
labyrinth after applying strychniue to the medial part of the temporal ra-ri pro- 
duces courmlsive movements (Spiegel). Action currents were also inerrased in 
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the strychiiinizcd gyri. Human {tatients in which tliis region is involved in dis- 
ease i)rocesscs have sensations of dizziness. No diminution of vestibular reac- 
tions or disturbance of equilibrium occurs, however, when the tcmiwral lobe is 
removed. Anatomically, vc.stihular fibers Iiavc l>ccn described to the reticular for- 
mation, to the thalamus and to the hypollialamus, but there is little agreement as 
to their exact course. Spiegel lias suggested tliat the vestibular cortical center 
lies just medial to the auditory cortex. 

FRONTAL LOIIE 

A number of cases of unilateral removal of the frontal lobe in human patients 
have been reported. Some defects in thinking and in initiative have been noted, 
but no general conclusions as to the cfTcct on intelligence can he drawn. Remos-al 
of the dominant frontal lohe, as reported hy German and Fox, resulted in tem- 
porary loss of power of speech (aphonia). This was followed hy impairment of 
the motor, visual, auditory and intcllcctu.iI components of speech, in mrious com- 
binations. Rcmo\'al of the nondominant lobe had no etTect on speech, which 
remained normal. 

Amputation of the larger part of both frontal lobes in man, followed by de- 
tailed study of the relation between loss of the parts and postoperative psycho- 
logical effects has been reported by Brickner. There were numerous symptoms, 
none indicating any alteration in fundamental mental processes, but there was 
impairment of their completeness. Tlie changes arc fundamentally not qualita- 
tive but quantitative in nature. Only one function is considered as primarily 
affected. This is the elaborate association or synthesis into complex structures of 
the simpler engrammic (latent memory pictures) proilucts associated in the more 
posterior parts of the brain. Tliere is diminution in the .imount of this synthesis, 
placing a limit on the degree of attainable complexity of thought. Through this 
deficiency the large variety of second,iry' and tertiary defects becomes manifest 
and the outwardly manifest personality appears to be greatly altered. While 
many of the symptoms have an emotional coloring there is nothing to indicate 
emotional disturbance in the primary sense. The deduction is tliat the frontal 
lobes are not intellectual centers in any sense save a quantitative one and that 
they play no specialized part in intellectual function. They add to intellectual 
intricacy by increasing the number of jiossible associations between engrams 
which already have been combined to a complex degree in other parts of the 
nervous system. 

CLINICAL INTERPRETATION 

SOME ILLUSTRATIVE EFFECTS OF LESIONS OF THE CORTEX 

The association areas of the cerebral cortex are greatly expanded in the 
human brain, accounting for its size as well as its complexity of function. The 
association tracts have a pattern of functional systems, some of which are 
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racial and some probably acquired. Interference with the association areas or 
tracts, as by lesions involving the cerebral cortex, produces a variety of defects 
of sensory and motor type in which projection areas are not involved. There 
is neither motor nor sensory paralysis. Such lesions may be caused by cerebral 
tumors, hemorrhage, occlusion of blood vessels or wounds. The functional de- 
fects usually produced arc known as aphasias. They result from lesions in the 
dominant side of the brain. In right handed individuals this is the left cerebral 
hemisjdiere. 

A(>hasia may be defined in the broad sense as “loss or defect in symbolizing 
relations in any way” (H. Jackson). As commonly used the term connotes a 
loss in ability to understand or to express language, either spoken or written. 

Language or speech is the means of conveying ideas from one person to 
another. Arbitrary symbols or w'ords, standing for ideas, arc the vehicles of 
expression. An object, as a pen, with its various properties and uses, can be 
brought to mind by a word, spoken or written. “When we react in the same way 
to a word as we would react to that which the word stands for, we are said to 
know the meaning of the words” (Purves-Stewart). The word thus replaces the 
object. 

In the aphasias there is loss of memory for the symbols by wliich ideas are 
exchanged. The specific type depends on the association area involved and also 
on the effect of the lesion on the general intcIUgcnce of the patient In many types 
of brain injuries there is loss of functional continuity between the various brain 
areas. They are apparently separated functionally by the injury (hence the term 
diaschivs, a splitting apart) m such a manner as to affect tlie intelligence gen- 
erally. The aphasias may be motor or sensory. There is disagreement regarding 
many aspects of interpretation because of the intricacy of the subject. Only a 
brief sumniar)’ of recent views, based chiefly on the description of Purves- 
Stewart (1937), will be given here as an aid in interpreting some of the func- 
tions of the cerebral cortex. Mane and Head differ m some important respects 
in their interpretations. 

Auditory sctisory aphasia is the result of lesions in the anterior transverse 
gyrus of Heschl, m the temporal lobe, and adjacent parts of the first temporal 
g>-rus. The patient can heat ordinary sounds, but cannot understand spoken 
words If the lesion is subcortical the pathway to the auditory word area is 
blocked, bringing about word-deafness. The patient is unable to repeat spoken 
words, to write from dictation, or to understand what is said to him. He is able, 
however, to read if the optic radiations are not affected by the lesion, and to 
understand written words. He can speak spontaneously because he retains his 
memories of spoken speech. 

In lesions involving the cortex of HeschVs gyrus the auditory memory of 
spoken words is lost and there is impairment of thought and confusion of words 
in speaking. The patient can read aloud and speak spontaneously, but makes mis 
takes in both. 
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Visual aphasia is a result of lesions in ilic angular gyms of the parietal IoIki. 
There is loss of ability to tuKlerstaml written or printed characters. Subcortical 
visual aphasia is a pure word-blindness caused by lesions in the pathwa> to the 
visual word area. The pat/ent is ttiinblc to understand written or printed words, 
or to read aloud (o/r.vid) but he can write spontaneously or from dictation. He 
is, however, unable to read what he has written. Cortical word-bliudncss involves 
loss of memory of written or printed words and inability to write words 
{agraphia). The patient is unable to write .spontaneously, to copy from printed 
to written characters, to write from dictation, or to read words. 

In motor aphasia there is loss of articulate speech without other loss. The 
patient knows what he wants to say hut is unable to voice tlic words. This type 
of aphasia is regarded as probably due to a Ie.sion which cuts off the center for 
speech (Broca’s area) in the left inferior frontal gyrus, in right handed indi- 
viduals, from the voluntary motor cortex. This is a coordinating center for the 
muscles involved in speech, according to some, uhilc others regard it as a memory 
zone for spoken words. 

In subcortical or pure motor aphasia the patient is able to understand spoken 
and written language, hut he Is unable to repeat words he hears, to read aloud 
or to express his thoughts in spoken words. Ilis mental processes, however, are 
normal and he can e.xprcss his thoughts in writing. The motor activity of spoken 
words alone is made impossible by injury to fibers below the cortex. 

In corticular motor aphasia the lesions arc limited to the cortex of the speech 
area in the inferior frontal gyrus and adjacent gray substance. Vocal expression 
of words is impossible, as in sul)CorticaI apluisia, and in addition the patient’s 
thought processes arc also impaired. 

Apraxia is inability to perform purposeful movements, even though they may 
be more or less automatic, with the limbs and especially the band. There is no 
motor paralysis, incoordination of the limb muscles, sensory disturbance or im- 
pairment of intelligence. Apraxia appears to be analogous for the Hmb muscles 
to motor aphasia of the spcccli muscles It is usually associated with lesions of 
the left hemisphere. Tins condition may lie either sensory or motor. In sensory 
apraxia, due to lesions in the parietal lobe, the patient may be able to see an 
object but not to recognize it {agnosia). On the other hand, in motor apraxia 
clue to lesions m front of the precentral gyrus, the patient may be able to 
recognize and name an object, but not to use it. Agraphia, or inability to write, 

IS a variation of apraxia. 

Total aphasia, involving several or all of the speech centers, is due to large 
lesions and is accompanied by marked mental deficiency. 
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Anesthesia, dissotialed, causes «f. 9^ 

— skin, 4.9 

Anhge, of membranous labyrinth, 142 
Ansa lenticularis, 210 
— definition of, 228 
—function of, 296 

Apex, of posterior columns of spinal cord, 
72 

Aphasia, auditory sensory, 315 
— cortical motor, 316 
—defimtiou of, 315 
— diagram of zones of, 306 
~ motor, 306, 316 

— subcortical, 316 

— total, 316 

— usual, 316 

subcortical, 316 

Apiionla, 314 
Apraxia, 316 

— diagram of zones of, 307 
— sensory, 316 

Aqueduct, central gray matter of, 197 

— cerebral, 190 

— ■ — function of, 234 

— of Sylvius, lot 

— «st)bular, 148 
Aqueous humor, 256 
Arachnoid, definition of, 69 
Arachnoid villi, 245 


Arbor vitae, 170 
Arcliicerebelium, 188 
— parts of, 188 
Archicortex, 265, 278, 308 

— granule layer of, 278 
— molecular layer of, 278 

— olfactory function of, 308 
— polymorph layer of, 278 
— structure of, 2/8 
Arclwpallium, iz 
— See tilso Archicortex, 

Archistriatum, 224 
Area, aoausticolateral, IIZ 

adaptation of, II2 

— extrapyramidal, stimulation of, 296 

— lateral hypoUralamic, 215 
——stimulation of, 216 

— paraterminal, 275 
— parolfactory, 275 
Association systems, 303 
Asiroblasts of Lenlrossek, 30 
Astrocyte, 30, 31 

— definition of, 31 

— fibrous, 31 

— mixwl type, 32 
— perivascular, 33 

— protoplasmic, 31 
— satellite, 32 

— subpial, 32 

— subtypes of, 31 
Ataxia, 301 

■ — trunk, injury to posterior vermis and, 
187 

Auditory apparatus, 154-163 

— formation of, 154 

— -central connections of, i6r 
Auditory tract, secondary, i6r 
Auerbach, plexus of, 135 
j Auricle. See Ear, external 
I Auricular lobe, formation of. r68 
I Autonomic system, 123 
I — craniosacral, 122 
I —thoracolumbar, 217 
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Avellis, syndrome of, 119 
Axons, Purkinjc cell, 186 
— structure of, 17 


Babinskj reflex, 87, 89 
Baillargcr, inner stripes of, 276 
•—outer stripes of, 276 
Basal cells, 264 
Basal panpHa, 223-228 
— parts of, 224 
Basal plate, 8 
Basis ccrebelli, 186 
Basis pecluncuH, 190 

— fibers of, 197 

— outline of, 198 

Beebterew, superior nucleus of, 151, 172, 
182 

— superior vestibular nucleus of, 131 
Beclitercw’s nucleus, 112 
Bell-Magcndie law, 41 

Bell’s palsy, 99 
BeuediKt's sytKirome, 298 
Bergmann, fibers of, 32 
Betz cells, 28, 293 
— destruction of, 303 
Blood pressure, increased, 2tC 
Blood vessels, postganglionic fibers in, 
128 

Body, ciliary, 249 

meridional section of, 249 

— geniculate, special sensory impulses to, 
301 

— lateral geniculate, function of, 206, 300 

— mammillary, 200, 2ir 

definition of, 212 

functions of, 217 

lateral nucleus of, 212 

medial nucleus of, 212 

stimulation of, 217 

— medial geniculate, function of, 206, 300 

— pineal, 12 

— posterior quadrigeminal, 193 

— restiform, 117, 172, 173, 174, 181, 182 
— trapezoid, 184 
Bouta)is toutiiiaux, 21 
Bowman’s membrane, 248 
Brachium conjunctivum, 175, i8z. 192 

— decussation of, 176, 197 

— formation of, 183 

— origin of, 176 


Bracliiiim conjunctivum, conliiuied 
— sc%'cnng of, tremor caused by, 198 
— flialaniic fibers of, 206 
Brncliium pontis, 174, 181, 183 
Brain, coronal section of, 215, 225. 227 
— embryonic, development of, 15 

sagittal fissure of, 221 

— lateral view of, 223, 268, 276 
— media! section of, 224, 267, 283 
—oblique frontal section tlirougli, 229 
— olfactory, 222, 267, 268, 269 
— stages in development of, ii 
— ventral view of, 93, 221, 222, 2G9 
— ventricles of, 234-236 
Drain stem, dorsal view of, 103, 190, 191, 
203 

—varying degrees of development in 
vertebrates, T5-16 ' 

— vestibular impulses to, 152 
Broca, parolfactory area of, 268 
— speech center of, 306 
Bradmann, area 4 of, 293. 295, 300 
—area 6 of, 300 
—area jo of, 297 
Brown-Sequard syndrome, 90 
Bruch’s membrane. 25T 
Bundle, lateral pontine, 198 
—median longitudinal, 117, 198 
—function of, 152 


Cahmus scriptorius, 702-203, 737, 236 
Calcar avis, 235 
Calcarine fissure, 259 
Cajal, commissure of, ili 
Canal, semicircular, 142 

description of, 148 

lateral, 148 

of membranous labyrinth, 148 

posterior, 148 

superior, 148 

Capsula extrema, 224 
Capsule, of lens, 243 
Caput, of posterior columns of spinal 
cord, 72 

Carbon dioxide, excess of, in blood, 131 
Cauda epuina, 67 
Cavity, tympanic, 154 
— ventricular, 190 
. Cavum septi, 222 

I Cell, basket, of cerebellum of rat, 27 
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Cell, coiifiHiifrf 

— Betz. 83 

— bipolar, 245 
of retina. 255 

— bipolar ganglion, 19 

— border, 159 

— capsule, 14. 3 ^ 

— cone, description of, 

— .ependymal, 29-30 
definition of, 31 

— ganglion, r 4 , -45 
of retina. 255 

— germinal, neuroblasts from, 30 

— Golgi, type I, 23 
— — t)-pe II, 24 

— — See aho Golgi cells. 

— hair, 146 

Sec also Hair cells. 

— horizontal, of retina, 55 S 
—marginal glia, 33 
—mitral, 266 

—motor nerve, showing Nissl granules, 
27 

—multipolar, 185 

— nerve, of myenteric plexus, 136 

showing neuroftbrillae, 26 

—showing terminal clubs. 30 
——See af^(J Nerve cells. 

— neuro-epubelial, 63, 139 
tj-pes of, 253 

— neuroglia, in epithalamus, 202 

— neurolemma, 15. 30 

— of Claudius, 159 

— of Henseu, 159 

— of sheath of Schn’ann, 30 
— olfactory sense, 62 

— phalangeal, 159 

— Purkinje, of human cerebellum, 2t 

— pyramidal, 83 

of cerebrum of rabbit, 33 

— rod, definition of. 254 
— Rohon-Beard, 75 

— satellite, 14, 30 
— sheath, 14 

— spinal ganglion, ig 

— stellate. 31 

— supporting, 151 

— sustentacular, 63, 139 

— sympathetic ganglion, 22 

— tufted, 266 

— unipolar sensory, 139 


Center, olfactosotimtic, 273 
Centripetal root fibers, 42 
Cerebellar cortex, 168 
— ablation of, 18S 
— connections of, 181-183 

— fiber.s of, 18 x 
CerebeUum, 168-1S3 

— afferent fibers of, 172 
—anterior lobe of, 172 
— climbing fibers in, i8i 
— connections of, diagram of, 177, 178 
— definition of, 185 
— dentate nucleus of, 297 
— efiagram of, Ij6 
—divisions of, 188 
— efferent fibers of, 175 
; — evolution of, 187 
1 — fastigial nucleus of, 151 

I function of, 151 

[ —flocculonodular lobe of, 151, 16S 
[ function of, 185 

— function of, 185 

— granular layer of, 177 
— iiistology' of, 176 
— horizontal section of, 174 
— impuKes to. sources of, 173 

— inferior surface of, 172 
— lateral commissure of, 15 1 

— layers of. 176 

— longitudinal section of l.imeJIa of, rSr 
—median section through, 173 

— meduHary portion of, 176 
— molecular Ia\er of, 178 

basket cells of, 178 

— mossy fibers of, i8r 
— origin of, 16S 
— pons and, 183 

— quadrigeminal phate and, 193 
— removal of, effect of, 186 
— spinal connections of, 173 
— stages of cIe\elQpment of, 170 
— superior surface of, 171 
— vestibular part of, 168 
— vestibular root fibers of, 172 
Cerebral aqueduct, g 
Cerebral cortex, 184 
— areas of, 276 

— area 4 of, destruction of, 295 

functions of, 305 

— area 5 of parietal lobe of, stimulation 
of, 295 
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Cerebral cortex, continued 
— area 6 of frontal lobe of, stimulation 
of, 295 

— area 22 of temporal lobe of, stimulation 
of, 29s 

— association areas of, 302 

function of, 303 

lesions of, 315 

— definition of, 276 

— diagram of, 279, 292 

— functions of, 305 

— —experiments on, 304 

— intermediate areas of, 277, 278 
—lateral view of, 283 

— motor areas of, 297, 302 
—nonspecific tissue of, 303 

— premotor area of, location of, 295 

— primary areas of, 277 

— projection area of, 303 

— removal of posterior portions of, 304 

— section of, 282 

— specialization of, function of, 302 
— stages in development of, 308 

— structure of, 276-292 
—temporal lobe of, 154 

— terminal areas of, 278 

— visceral motor functions of, 307 
—visual, destruction of. 304 
Cerebral hemispheres, 219-233 
—adult, lobes of, 222 

— coronal section of, 207, 209 

— diagram of association bundles in, 230 
— diagram of left. 312 

— horizontal section of, 203 

— lateral view of left, 302 

— medial view of left, 303 

— myelinization in, 221 
— wliite matter of, 228 

Cerebral peduncle, lesions of, results of, 
198 

Cerebrospinal fluid, amount of, 238 

— formation of, 238 

— functions of, 238 

— theories of formation of, 238 

— undue secretion of, 238 
Cerebrum, diagram of lobe of, 223 

— pons and, 183 
Cerumen, 154 

Cervix of posterior columns of spinal 
cord, 72 

Chemoreceptors, 62 


Qiemoreccptors, conlmued 
—olfactory organ as, 265 
Qieniotropism, i 
Qiorda tympani, 154 
— taste fibers supplied by, 139 
Oiorioid, tapetum of, 251 
Cliorioidea, blood vessel layer of, 250 
—layers of, 250 
— siipracapillary layer of, 251 
Chorioid plexus, cerebrospinal fluid and, 

237-241 

— definition of, 237 

— ependymal epithelium lining of, 238 

Ciliary body, 244, 249 

Cingulum, cell layers in, 286 

— definition of, 231 

Cistern, at base of brain, 239 

— cercbromedullary, 239 

—chiasmatic, 240 

— intcfpetluneular, 240 

— pontine, 240 

Cistema chiasmatis, 240 

Cisterna interpeduncularls, 240 

Cisterna magna, 239 

Cisterna pontis, 240 

Clarke, column of, 73, 81, 164, 173 

—cells of, 87 

Oaiidiiis, cells of, 159 

Qaustrum, 224 

—definition of, 224 

Clava, lor, top 

Cochlea, axial section of, 155, 156 
—formation of, 155 
—origin of, 142 
— 'radial section through, 157 
— scala tympani of, 155 
— scaka vestibuli of, 155 
Cochlear duct, 149 
Cochlearis, of acoustic nerve, 96 
Coelenterates, nerve net m, 2 
Colliculi, inferior, T93 

fibers of, 194 

nucleus of, 194-195 

superior joined with, 197 

— superior, 193, 208 

connections of, 194 

function of, 194 

inferior joined with, 197 

fibers from, 197 

layers of, 194 

Column, somatic efferent, 105 
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Column, coniimtcd 

— special somatic afferent, 105 
in fishes, 112 

— special somatic efferent, 105 

— special visceral efferent, 105 

— visceral efferent, 105 
Commissure, anterior, 230 

— cerebellar, fibers of, i 6 g 
secondary, 173 

— habenular, 2 qi, 231 
— hippocampal, definition of, 230 

— lateral, 168 

— nucleus of cerebellar, 168 

— posterior, 230 
nucleus of, 193 

— trigeminal, 168 
Connections, incertorubral, 192 

— reticular, 192 

— stnoruhral, 193 
— tectorubral, 192 
— thalamorubral, 192 
Conus meduUans, 67 
Coordination, cerebellum and, 185 

— failure of. in tabes dorsalis, 167 

— proprioceptors and, 164 
Cornea, adult, 245 

— anterior elastic membrane of. 248 

— endothelium of anterior chamber of, 

248 

— layers of, 248 

— posterior elastic layer ot. 248 

— substantia propria of. 248 
Corona radiata, origin of, 228 
Corpus callosum, 22t 

— di\isions of, 228 
Corpus cerebelli, 168 

— anterior lobe of, divisions of, 170 
experimentation on, 186 

function of, 186 

— function of, 186 

— in amphibians, 169 
• — lobes of, 169 

• — posterior lobe of, 171 
divisions of, 170 

— stimuli received by, 169 
Corpus striatum, 219 

— location of, 226 

— separation from thalamus, 2^9 

— 5 'cc also Striate body. 

Corpuscles, genital, 56 
— Golgi-Mazzoni, 37, 58 


Corpuscles, contmitcd 

— lamellar. 55 
— of Ruffini, 57 
— pacinian, 55 
— tactile, S 5 

of Meissner, 54 

Correlators, function of, 4 
Cortex, areas of, diagram of, 277 
— cerebellar. Sac Cerebellar cortex. 

— cerebral. See Cerebral cortex. 

— lesions of, 314-316 
— marsupial, 305 

— motor, area 4 of, destruction of, 305 
— nwtor, area 4c of, 305 

destruction of giant pyramidal cells 

of. 305 

functions of, 304-308 

— nonoUactory, 265 
— olfactory, 265 
— parietal lobe of, 310 

— sensory, destruction of, 300 

experiments on, 30S 

—visual, 261 

Cortex primitivus, 266 
Corti, organ of, 158, 160 

cells of, 159 

diagram of, 158 

— spiral ganglion of, 96, 143, 160 
— tunnel of, 139 
Cortiobulbar paths, 294 
I Corticopontocerebellar path, 297 
j Coughing, 132 

I Cranial cavity, subarachnoid space of, 239 
Cranial nerves. See Nerves, cranial. 
Crista ampullaris, 150 
Crustacea, nervous system of, 4 
Culmen, 170, 182 
Cuneus, left, lesion of, 262 
Cup, optic, formation of, 242 

layers of, 242 

Cupula terminalis, 151 


Darkschewitsch, nucleus of, 193, 230 
Decussation, brachium conjunctivum, 197 
— dorsal tegmental, fibers of, 197 
—in midbrain, 197 
— of Ford, 197 
— ■ventral tegmental, 197 
Deiter’s nucleus, 89, 112 
——lateral. 151, 172, 182 
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Cerebral cortex, continued 

— area 6 of frontal lobe of, stimulation 

of, 295 

—area 22 of temporal lobe of, stimulation 
of, 295 

— association areas of, 302 

— function of, 303 
— — lesions of, 315 

— definition of, 2“6 
—diagram of, 279, 292 

— functions of, 305 
——experiments on, 3O14 

— intermediate areas of, 277, 278 

— lateral view of, 283 
—motor areas of, 297, 302 
— nonspecific tissue of, 303 

— premotor area of, location of, 295 

— primary areas of, 277 

— projection area of, 303 

— removal of posterior portions of, 304 

— section of, 282 

—specialization of, function of, 302 
— stages in development of, 308 

— structure of, 276-292 

— temporal lobe of, 154 

— terminal areas of, 278 

— visceral motor functions of, 307 
— visual, destruction of, 304 
Cerebral hemispheres, 219-233 

— adult, lobes of, 222 

— coronal section of, 207, 209 
—diagram of association bundles in, 230 

— diagram of left, 312 

— horizontal section of, 203 

— lateral view of left, 302 

— medial view of left, 303 

— niyeliniration In, 221 

— white matter of, 228 

Cerebral peduncle, lesions of, results of, 
198 

Cerebrospinal fluid, amount of, 238 

— formation of, 238 

— functions of, 238 

theories of formation of, 238 

— undue secretion of, 238 
Cerebrum, diagram of lobe of, 223 

— pons and, 183 
Cerumen, iS4 

Cervix of posterior columns of spinal 
cord, 72 

Chemoreceptors, 62 


Qienioreceptors, continued 
—olfactory organ as, 265 
Qiemotropism, i 
Diorda tympani, 154 
—taste fibers supplied by, 139 
Qiorioid, tapetum of, 231 
Cliorioidea, blood vessel layer of, 250 
-layers of, 250 
— supracapillary layer of, 251 
Oiorioid plexus, cerebrospinal fluid and, 

237-241 

— dermhion of, 237 
— ependymal epithelium lining of, 238 
Ciliary body, 244. 249 
' Cingulum, cell layers in, 286 
-definition of, 231 
Cistern, at base of brain, 239 
— cerebromedullary, 239 
—chiasmatic, 240 

— interpeduncular, 240 
— pontine, 240 
Cistcnia chiasmatis, 240 
Cistema interpeduncularis, 240 
Cisterna magna, 239 
Cistema pontis, 240 

Clarke, column of, 73, 81, 164, 173 
—cells of, 87 
Oaudius, cells of, 259 
Qaustrum, 224 
— definition of, 224 
Clava, lor, 109 

Cochlea, axial section of, 155, 156 
—formation of, 155 
— origin of, 142 

— radial section through, 137 
— scala tympani of, 155 

— scala VCTtibuli of, 255 « 

Cochlear duct, 149 

Cochlearis, of acoustic nerve, 96 
Coelenterates, nerve net in, 2 
Colliculi, inferior, 193 

fibers of, 194 

nucleus of, 194-19S 

superior joined with, 197 

— superior, 193, 208 

connections of, 194 

function of, 194 

inferior joined with, 197 

fibers from, 197 

layers of, 194 

Column, somatic efferent, 105 
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Eye, continued 
—bulbar fascia of, 246 

— check ligaments of, 24^ 

— (\efimtmn of, 242 

— external deviation of, 198 
— muscles of external, 166 
— posterior chamber of, 245 

— sclera of, 246 

— section through layers of, 251 

— thoracolumbar fibers to, 129 
Ejebal!, horizontal section of, 247 

Eje movements, electrical stimulation of 
pyramis causing, 187 
Eye-niuscle. ciliary, 196 

— external, 246 

— fibers to, 19 

— pulvinar and, 210 


Falx cerebri, 221 
Fascia, bulbar, 246 
Fascia dentata. 269, 272 

— fibers of. 27a 
Fasciculus, Gower's. 81 

— 'septomarginal. 79 
Fasciculus cuneatus. 79 

— nucleus of. 102 
Fasciculus gracilis, 78 

— nucleus of, 79, loi 
Fasciculus interfascicularis, 79 
Fasciculus retroflexus of Meynert, 193, 

201 

Fasciculus uncinatus of Russell. 182 
Fasciola cinerea, 269 
Fenestra tympanica, 135 
Fenestra vestibuli, 148, 155 
Fibers, aberrant pyramidal, 295 

— acoustic, 112 

— afferent, 46 

in nerve roots, 102 

-of superior colliculus, 194 

— avsociaUon, function of, 231 

-inferior longitudinal bundle of, 232 

long, function of, 231 

myebnization of, 221 

occipitofrontal bundle of, 232 

short, 231 

superior longitudinal bundle of, 232 

transierse occipital bundle of, 232 

uncinate bundle of, 232 

— braclnum pontis, 185 


Fibers, coMfiiiitccf 

• — cercliellotegmental. 176 
■ — climbing, of cerebellar cortex. tSi 
— cochlear nene, origin of, 160 

— coniiiiissural. 228 
— corticontgral, 193 
— corticorubral, 192 

— corticosubthalamic, 210 
—corticothalamic, description of, 210 
— crossetl vestibulomesenceplialic, 152 
— descending, of basis pedunculi, 197 
— direct vestibular, 117, 186 
— dorsal external arcuate, origin of, 164. 
174 

— efferent, in nerve roots, 102 

of superior colliculus, 194 

— efferent cerebellar, origin of, 175 
— external arcuate, 164 

— functional types of, 48 

I — general somatic afferent, of facial 
[ nerve, 96 

I — — of glossopharyngeal nerve, 95 
1 —of trigeminal nerve, 98 

[ of vagus nerve, 95 

— general visceral afferent, of facial 

nerve, 97 

of glossopharyngeal nerve, 93 

of vagus ner^e, 95 

— general visceral efferent, of glosso- 

pharyngeal nerve, 93 
——of oculomotor ner\e, 98 
of vagus nerve, 95 

— gustatory, path of, 100 

— homolateral vestibulomesenceplialic, 132 

— internal arcuate. 109, 115, 166, 174 
functions of, 166 

— internuclear, 226 
— lateral-line, 112 

— lateral vestibulotcgmeiital, 1 52 

— mossy, 178 

of cerebellar cortex, 181 

— motor, 44 

wallerian degeneration of, 50 

— Muller, nuclei of, 253 
— mjelinated, degeneration of, 50 
— — of cutaneous nerve, 44 
— nasal, peripheral irritation of, 100 
— ner\e. See Nerve fiber. 

— nigrotectal, 193 

— nucleove'^tibular, 117 
— of Bergmann. 30 
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Dendrites, 17 
Dermatome, 47 
Desccmet's endothelium, 248 
Diabetes insipidus, lesions of supra-optic 
nucleus and, 216 
Diascliisis, 315 
Diencephalon, 200-218 

— center for somatic olfactory stimuli in, 

201 

— divisions of, 200 

— formation of, 200 
— location of, 200 

— regions of, 12 

— third ventricle of, 200, 234 
Disc, otic, orifjin of, 142 
— tactile, 54 

Distance, recognition of, pulvinar and, 
310 

Dogiel, type I nerve cells of, 136 
— type n nerve cells of, 136 
Drinker, on pain, 301 
Duct, cochlear, vibration of endolymph 
of, 160 

— endolymphatic, 142, 148 
—membranous semicircular, 150 
Ductus cochleans, 147, 158 
Ductus reuniens, 149 
Dura mater, definition of, C7 

— falx cerebri of, 221 


Ear, bones of, 155 
— diagram of, 146 

— external, 154 

formation of, 154 

— inner, 155 

developmental stages of, 145 

formation of, 155 

— internal, diagram of, 147, 155 

— middle, 154 

tympanic cavity of, 154 

Ecinnoderms, nervous system of, 4 
Ectoderm, 6 

— cells derived from, 30 

— lens formed from, 244 

— skin, 6 

Edinger-Westphal, nucleus of, 98, 196 
Effector, 63-66 

— function of, 4 
Effector organ, 3 
Effector tissue, i 


Efferent systems, 293-298 
— See also Motor system. 

Embryo, membranous labjrinth of. 142 
Enccplialograpliy, 241 
End-bullis, Krause’s, 56 

I c>'lindrical. 56 

End-organ, iieurotendinous, 60 
— RufTmi’s, 57 
Endolymph, 149, 158 

— function of, 160 
Endolymphatic duct, 148, 149 

, EndoljTiiphatlc sac, 149 
Endoneuriimi, 27 
Endothelium, Dcscemet’s, 248 
.End plates, motor, 28, 64 
Enophtlialmos, 14 
Ependymal zone. 14 
Epidural space, 68 
Epiglottis, taste buds of, 140 
Epiphysis, 12 
— calcium deposits in, 203 
—dorsal lamina of, 201 

— function of, 203 
—location of, 20! 

—theories concerning, 20T 
—ventral lamina of, 201 
Eptsclera, 247 

—blood supply of, 247 
Episcleral space, 246 
Epithalamus, 200-203 
—definition of, 201 
—dorsal, 12 
— pineal body of, so! 

— posterior commissure of, 201 
Epithelium, broncliial, nerve ending in, 
60 

— free endings in, 52 
— of cornea, 248 

— olfactory, 266 

— tactile cells in, 53 

Equilibrium, disturbance of, lesfons in 
flocculonodular lobe and, 185 

— lesions of uvula affecting, 186 
Esophagus, submucosal plexus in, 135 
Eustachian tube, 154 
Exteroceptors, 52 

— types of. S3 

Etrapyramida! system, function oi, 297 
Eye, 242-256 

— anterior cliamber of, 245 
— blood vessels of, diagram of, 257 
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Eye, condnucd 

— bulbar fascia of, 246 

— check Usatnents of, 24^1 

— definition of, 242 

— external de%iation of, 19^ 

— muscles of external, 166 

— posterior chamber of, 24S 

— sclera of, 246 

— section tVirougli layers of, 251 
— llioracolurabar fibers to, 129 
Eyeball. hori2ontal section of. 247 

Eye movements, electrical stimulation of 
pjramis causing, 18“ 

Eye-nmscle, ciliary, rg6 
— external, 246 

— fibers to, 19 

— pulvinar and, 2io 


Falx cerebri, 221 
Fascia, bulbar, 246 
Fascia dentata, 269, 272 

— fibers of, 272 
Fasciculus, Gower's. 81 

— septomarginal, 79 
Fasciculus cuneatus, 79 
—nucleus of, 102 
Fasciculus gracilis, 78 

— nucleus of. 79, 101 
Fasciculus interfascicularis, 79 
Fasciculus retroflexus of ^^eynert, 193, 

201 

Fasciculus uncmatus of Russell, 182 
Fasciola cinerea, 269 
Fenestra tympanica, 155 
Fenestra veslibub, 148, 155 
Fibers, aberrant pyramidal, 295 

— acoustic. 112 

— afferent, 4G 

in nerve roots, 102 

of superior colliculus, 194 

— association, function of, 231 

inferior longitudinal bundle of, 232 

long, function of, 231 

myelinization of, 221 

occipitofrontal bundle of, 232 

short, 231 

superior longitudinal bundle of, 232 

transverse occipital bundle of, 232 

uncinate bundle of, 233 

— bracbium pontis, 185 


Fibers, continued 
— cerebeUotegmental, 176 

— climbing, of cerebellar cortex, 181 

— cochlear nerve, origin of, 160 
— -conmiissural, 228 

— corticonigral, 193 
— corticorubral, 192 

— corticosubtbalamic, 210 

— corticothalamic, description of, 210 
—crossed vestibulomesencepfialic, 152 
—descending, of basis peduncuH, 197 
— direct vestibular, 117, 186 
—dorsal external arcuate, origin of, 164, 

174 

— efferent, in nerve roots, 102 

of superior colliculus, 194 

— efferent cerebellar, origin of, 175 
— external arcuate, 164 
— -functional types of, 48 
—general somatic afferent, of facial 
ner\e, 96 

of glossopharyngeal nerve, 93 

—of trigeminal nerve, 98 
• of vagus nerve. 95 

— general visceral afferent, of facial 

nerve, 97 

of glossopharyngeal nerve, 95 

— of vagus nerve, 95 

— general visceral efferent, of glosso- 

pharyngeal nerve, 93 

of oculomotor nerve, 98 

of vagus nerve, 95 

— gustatory, path of. 100 

I — homolateral vestibulomesencephalic, 152 

— internal arcuate. 109, 115, 166, 174 
functions of, 166 

— internuclear, 226 
— lateral-line, 112 

— lateral vestihulotegmental, 152 

— mossy, 178 

of cereliellar cortex, 181 

— motor, 44 

wallerian degeneration of, 50 

— Muller, nuclei of, 253 

— myelinated, degeneration of, 50 
of cutaneous nerve, 44 

— nasal, peripheral irritation of, 100 
— ner\’e See Nerve fiber. 

— nigrotectal, 193 
— nucleovestibular, 117 
— of Bergmann, 30 
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Fibers, coiiliuucd 
— 'Olfactory, causes of, 300 
—-olivary internal arcuate, 115 
— • olivocerebellar, 117 
— — oriRi'n of, 174 
— pallidoteptucntal, 198 

— parallel, 178 

— pontocerebellar, origin of, T74 
—posterior external arcuate, H7 

— posterior root, centripetal (leRcneration 

of, 50 

—postganglionic, 46, 122 
——distribution of, 126 
— — origin of, 128 

— preganglionic, 46, 75, 122 
— — cranial autonomic, 130 

of thoracolumbar disisinn, 125 

origin of, 128 

— proprioceptor, of abducens ner\*e, 98 
— — of oculomotor nerve, 98 

—of trigeminal nerve, 98 
of trochlear ner%’e, 98 

— projection, 228 

— — primary groups of, 22X 

— radial muscle, stimulation of, 129 

— reticulocerebellar, origin of, 175 

— reticulospinal, 131 

— rubrotlialamic, 192 

— sensory, wallerian degeneration of, 50 

— somatic afferent. 47, 111 
—somatic efferent, 47 
-somatic sensory, 300 

— special somatic afferent, of acoustic 

nerve, 96 

■ of olfactory nerve, 99 

— special somatic efferent, of abducens 

nerve, 98 

of oculomotor nerve, 98 

of trochlear nerve, 98 

— special visceral afferent, of facial 

nerve, 97 

of glossopharyngeal nerve, 95 

of olfactory nerve, 99 

of vagus nerve, 95 

special visceral efferent, of facial 

nerve, 97 

of glossopharyngeal nerve, 95 

of vagus nerve, 95 

special visceral motor, of trigeminal 

nerve, 98 

spinocerebellar, 168, 186 


Fibers, coiUmied 

^ — sympathetic, effect of stimulation of, 

137 

of digestive tube, 136 

— tcctocercbellar, cause of, 174 
— tlialamic-olivary, 198 
— thalamostrial, 226 
— thalamosiibthalamic. 2io 
— trigeminal, 168 

direct, 172 

— trigcminocercbellar, T72 
— unmyelinated, of cutaneous nerve, 44 
— vagus, effect of stimulation of, 136 
— vasotlilator, 134 
—vasomotor, 44 

— ventral arcuate, 115 
—ventral external arcuate, 165 
— — origin of, 174 
—vestibular, 113 

— —divisions of, 151 
— vestiliular root, cause of, 172 

— vestibulocerebellar, cause of, J72 

— vestibulomescnceplialic, result of injury 
to, 152 

— visceral afferent, 47, ni 
— visceral efferent, 47, 105 
—distribution of, 128 
—visceral motor, 105 

Fiber tracts, of spinal cord, ascending, 

76^3 

Fibrae propriae, origin of, 231 
Filum terminale. 67, 69 
Filum terminale externum, 67 
Fimbria, definition of, 270 
Fish, special somatic afferent column in, 
rr2 

Fissure, calcarine, 220 
— callosomarginal, 220 
— central, 220 

— chorioid, formation of, 342 
— hippocampal, 220 

— inferior frontal, 220 

— inferior precentral, 220 

— interparietal, 220 
— lateral, m adult, 219 
— orbital, 220 

— parieto-occipital, 220 

— parolfactory, 220 
— prepyrami'dal, 170 

— primary, location of, 220 - 
—posterolateral, of cerebellum, 168 
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Fissure, coitJiniifrf 
— rhmal, 220 

— sagittal. 2tg 

of embryonic brain, 221 

— superior frontal, 220 

— superior precentral, 220 

— superior temporal, 220 
Fissura prima in reptiles, 169 
Fissura secunda, i6g 
Fits, uncinate, 275 

Flechsig, dorsal spinocerebellar tract of, 

81. 173 

Flexure, cepbalie, 9 

— cervical, 9 
— pontine, 9 

Flocculus, of cerebellum, t68 

— origin of, 168 
— Purbinje cells of, 173 
Floor plate, 8 

Fontana, spaces of, 250, 256 
Foramen, interventricular, 200, 219 
— —function of, 234 

— of Key-Retnus, 103, 236 

— of Luschka, 103, 236 

— of Magendie, 103, 236 
—of Monro, 9 
Foramen caecum, toi 
Forebram, divisions of, 9 
Forel, fields of. 211 
— lenticular bundle of, 210 
Fornix, 265 
— crus of, 270 
■ — definition of, 270 
— pillar of, 270 

— rhomboid. 102 

rostral part of, T03 

Fovea centralis, 254, 235 
Frontal lobe, functions of, 314 

— unilateral removal of, 314 
Froriep, ganglion of, 94 
Funiculi, 27 

Funiculus cuneatus, 102 
Fuscin, 242 


Gagel, cells of, 213 
Galvanotropism, 1 
Ganglion, aorticorenal, 126 
— basal, diagram of, 220 

— bronHiopulmonarj’, 130 

— cardiac, 130 


Ganglion, confiiincrf 
— celiac, sympathetic fibers from, 136 
— cervical, inferior, 125 

• sympathetic fibers from, 136 

— • — middle, 125 

superior, 125, 126 

— ciliary, 130, 19G 
— collateral, 125 
— cranial sstiipathetic, 130 
— dorsal root, 41 
— eighth, nerves of ear from, 143 
— enteric, 130 
— gasserian, 166 
— geniculate, 139 
— nodose, 140 
— of Froriep, 94 
— of Sc.srpa, 96, 142 
— otic, 130 
— preverlebral, 123 
— sensory, section of, 43 

— sphenopalatine. 129, 130 

di.igram of. J33 

— spiral, of Corti, 96, 143 

section of, 159 

— submaxillary, 130, 140 
—superior cervical, 128 
— sympathetic trunk, 126 
— vestibular, 14a 
of Scarpa, 143 

Gastric mucosa, hemorrhagic lesions of, 
' 216 

I Gcnnari, stripe of, 276 
I Genu, 221 

— of corpus callosum, 228 
Geotropism, x 
Giacomini, band of, 268 
Girdle, definition of, 231 
Gland, sublingual, 140 

— submaxillary, 140 

Glia, interfascicular, 33 

Globus pallidus, definition of, 22G 

— fibers terminating in, 296 

— function of, 226 
— origin of, 2215 
Glomeruli, 266 

Golgi, method of studying nervous sys- 
tem, 38 

Golgi cells, 28 

-^type II. 72. 178, 185, 193, 226 
Golgi'Mazzoni, corpuscles of, 57 
Golfs column, lor 
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Gowers, tract of, 173 
Gower’s fasciculus, 8t 
Graclenigo’s s>^ul^ome, 100 
Ground bundles, 82 

— lateral, 82 

— posterior, 82 
— ventral, 82 

Gudden’s commissure, iCa, 163, 211, 259 
Gustatory apparatus, 139*141 
Gyrus, dentate, 269 

definition of, 272 

— — See also I'avcia dentata. 

— hippocampal, definition of, 271 

layers of, 271 

— lingual, lesion of, 262 

— postcentral, sensory areas of, 311 
stimulation of, 310 

— precentral, 83. 293 

— — area 4 of, stimulation of, 304 
—subcallosal, 269. 273 

— superior, ifi2 

— supracallosal, 269 
—transverse temporal, 1G3 

— uncinate, 30Q 

lesions of, 273 

Gyrus cinguli, 231 


Habenulae, See Trigone, habenular. 

Hair cells, 144, 149, 151 
—inner, 159 

— ncuro-epitbelial, of organ of Corti, 159 
— outer, 159 

— types of, 159 

Hair follicle, nerve endings in, 53 
Hamulus, 156 

Head, thoracolumbar fibers to, 128 
Hearing, 154. 160 

— center of conscious, 154 

— projection area for, 162 
— theory of, 160 

Heart, thoracolumbar fibers to, 128 
Heart rate, acceleration of, 133 

— increased, 216 

— reduced, 216 

Heat production, increased, 217 
Hehcotrema, 158, 160 
Helweg’s bundle, 88 
Hematomyeha, 90 
Hemianopsia, bitemporal, 262 

— homonj-mous, 313 


Hemianopsia, contumed 
— left-sided, 262 
I —unilateral nasal, 262 
j Heniicliorea, 198 
I Hemiplegia, crossed, 119 
Hemisjibere, cerebellar, 171, 174 
— cerebral, 219-233 

— fetal development of, 219 
— ‘loiKition of, 219 

— white substance of, 220 
Hensen, cells of, 139 
Herpes zoster, etiologj’ of, 49 
Herring bodies, 218 
Heschl's gyrus, 154 
Hindbrain, divisions of, 9 
— See also Rhombencepbalon. 
Hippocampal commissure, formation of, 
270 

Hippocampal formation, 263 
— definition of, 2G9 
Hippocampus, cells of, 270 
— •definition of, 269 

— fibers of, 272 
— la>ers of, 272 
Hippocampus major, 269 
His, gennina) cells of, 13 
Horner’s syndrome, 137 
Hoftcg.a, mesoglia of, 35 
Hydrocephalus. 238 
—cause of, 238 

Hypertonia, removal of anterior lobe of 
corpus cerelielli causing, i86 
Hypoglycemia. 216 
Hypophysis, 21 1 
— anterior lobe of, 212, 217 
— definition of, 212 

— di%-lsions of, 217 

— posterior lobe of, 212, 217 
cells of, 218 

function of, 218 

Hypothalamus, 13, 200, 211*217 
— •definition of, 211 

— functions of, 214-217 
— mammillary part of, 212 
nuclei of, 214 

— ^posterior, sham rage phenomena in, 217 

— r^irms of, 212 

— retro-infundibular part of, 212, 214 

— sensory tenters of, 201 

— supra-oplic part of, 212 

— transverse section through, 211 
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H>potonia, removal ol ncocerebellum and. 
188 


Impulses, afferent, 300 

— cranial autonomic, 133 

— nonsensory, cerebellum ami, 299 

— olfactory, course of, 272 

— proprioceptive, 164. ifi6 
received by thalamus, 30* 

— sensorj, inhihihon of, 300 
tlialamus and, 299 

— thoracolumbar autonomic, 133 

— visceral motor, localization of, 130 
Incoordination, muscular. 301 

section of nerve roots and. 49 

Incus, 154 

Indusium griseum, 23 1, 269 
Infundibulum, 200, 2H 
—definition of, 212 

Inffvar, median lobe of, 170, 171, 182. 187 
Insula, 223 
Insula of Red, 219 
Interoceptors, 52 

— function of, 53 

— visceral alYerent, 62 
Ins, constrictor fibers of, tgfi 

— formation of, 245 

— paralysis of dilator fibers of. 137 
—pectinate ligament of. 250 
— spaces of angle of, 250 

— stroma of, 244 
Island of Red, 219 


Jacobson, organ of, gg 


Kappers’ law, 110 
Knee*jerk, go, 166 
— exaggerated, gi 

in liemisection of spinal cord, 90 

Krause’s end bulbs, 56 


Labyrinth, bony, 146 

definition of, 147 

semicircular canals of, 148 

— membranous, T47 

ampullae of, 150 

development of, 142 


Labyrinth, membranous, cottliiutcd 
— — divisions of, 148 
— — stimulation of maculae acusticae of, 

153 

— vestibular, stimulation of, 152 

Lamina, bony spiral, 156 

— of cochlea. 147 

Lamina cribrosa, 246 

Lamina fivsca, 246 

Lamiti.a tcniiinalis, rz. 200, 219 

Layer, deep gray, 194 

— deep white, 194 
— middle gray, 194 
— middle white, 194 
— optic, 104 

— periventricular gray, 194 
— penventricular white, 194 
—superficial gray, 194 
—superficial white, 194 
Lemniscus, lateral, 114, i6i, 198 
of inferior calliculus, 195 

— medial, 1 13, 166. rgS 
deenssatjon of, 113 

— spinal, 114 
—trigeminal, 113 
Lemniscus systems, 113-115 
Lens, development of, 243 

— formation of, 244 
Lens epithelium, 243 
Lens fibers, 243 
Lig.ament, check, 246 
—pectinate, of ins, 230 
— spiral. 156 

— suspensory, 246 
I-imen insulae, 268 
Linea splendens, 70 
Lingula, 170 

— function of, 186 

— termination of vestibular root fibers in, 
172 

Lissauer, dorsolateral tract of, 77 
Lobe, central, location of, 224 

— flocculonodular, 172 

of cerebellum, 168 

stimuli reaching, 169 

— frontal, 219 

location of, 222 

—median, of Elliot Smith, 170 
— occipital, 219 

location of, 223, 224 

— parietal, 219 
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Lobe, parietal, conliitued 
— —location of, 222 

— temporal, 219 

— — location of, 222 
Lobule, ansiform, 171, 182 
Lobulus centralis, 170 
Lobulus simplex, 182 

— fibers received by, 186 
— neck muscles and, 187 

Lockwood, suspensory ligaments of, 246 

Locomotor ataxia, 167 

Lowenthal, tract of, 87 

Lowy, angular bundle of, 175 

— — course of, 175 

Lungs, nerve endings in, 132 

— small ganglion in, 13T 
— stimuli from, 131 

— llioracolumbar autonomic fibers of, 128 
Luys, body of, 210 
Lymph, epithelial, 248 


Macroglia, definition of, 31 
Macula acustica, 149, 151 
—nerve endings in, 150 
Macula lutea, 256 
Magendie, foramen of, 103 
Malleus, 154, 155 

Mammals, cerebellar commissure in. 169 
— cerebellar nuclei of, 171 

— direct trigeminal fibers in, 17a 

— divisions of corpus cerebetli in, 170 

— lateral commissure in, 168 

— lower, trigeminocerebellar fibers in, 

172 

— nodulus in, 16S 

— vestibular part of cerebellum in, 168 
Mantle zone, 14 

Marburg, lateral pontine bundle of, 198 
Marchi method of studying nervous sys- 
tem, 39 

Marginal zone, 14 

Martinotti cells, 272 

Mastication, muscles of, 166 

Meatus, external auditory, protection of, 

154 

Medial lemniscus, 106 

Medulla oblongata, 101-T21, 151, 164,234 

adult, description of, loi 

anterior median fissure of, lOi 

— carbon dioxide in blood reaching, 131 


Medulla oblongata, eoulhiucd 
—cross section of, 105, no, 112, 1:4, 118 
—diagram of, 102 

— diagram of connections of, 107, in, 
161 

—diagram of motor nuclei of, 106 
— eighth nerve in, 112 

— inferior oJiic of, rrs 
— lesions of, 117-121 
—nerves of, 10 

— nuclei of, 104, 154 
—pons and, 183 

— posterior median fissure of, loi 
—pyramids on, 185 
—respiratory mechanism of, 131 

— reticular formation of, 115, 116, 152 
— rostrolaferal angle of, 168 

— section of, 113 
— soIitar>’ tract of, in 
—vestibular nuclei of, 142 
— visceral region of, respiratory mcclia- 
nisms of, 130 
Meissner, plexus of, 135 
—tactile corpuscles of, 54, 55 * 

Membrane, basal, of cliorioldea, 251 
— basilar, 147, 156 

layers of, 158 

— — vibration of, 160 
— Retssner's, 147 
— reticular, liair cells in, 159 
— tectorial, 159 

— function of, 160 
—tympanic, ^’rr Tjanpanum. 

Memory, 303 

— meebanism of, 303 
Meninges, 67-70 

— coronal section of, 239 
— middle layer of, 69 

— outer membrane of, 67 ^ 

Meralgia paraesthesia, 50 
Merkel’s tactile discs, 54 
Mesencephalon, 12 

— See also Midbrain. 

Mesenchyme, anterior chamber of, 245 

— of lens, 244 
Mesoderm, 6 

• — optic cup, 244 
Mes(^Iia, of Hortega, 35 
Metabolism, increased, 217 
— carbohydrate, paraventricular nucleus 
and, 216 


330 



INDEX 


Metabolism, continued 
— watec, stimulation of supra-optfc nu- 
cleus and, 2x6 

Metazoa, meclxanism of response in, 2 
Metencepbalon. 9, 10 
Meynert, fasciculus retroflexus of, 193, 
201 

Microglia, origin of, 35 

— subtypes of, 35 
Microgliocyte, 30, 31 
Midbrain, g, 12, rgo-igg 

— cross section of, 184, 192, 196, J97 

— decussations in, 197 

— defimtion of. 190 

— fiber systems of, 198 
— lesions of, 198 
results of, 198 

— quadrigeminal plate of. 193 

— sensory cells of, ifi6 
— tentral part of, 190 

— ventricle of, 334 
Millard-Gubler, syndrome of, 119 
Iilodiolus, of cochlea, 147 
Molluscs, nertous system of, 4 
Monahow, external nucleus of, 164 
— tract of, 87 

Monro, foramina of, 20Q, 219, 234 
Motor paths, extrapyramidal, 295 
Motor system, voluntary, tracts of, 293 
— Sec cUo Efferent system 
Mucous gland, bronchial, nerve endings 
m. 130 

Mulier, fibers of. 253 

Muscle, branchial, nerve endings in, 129 

— ciliary. 244 

— extensor tonus of, 153 

— incoordination of, 91 

— masseter. 166 

— posterolateral ventral function of, 300 
Muscle fiber, striated, motor end plates of, 

63 

Muscle tone, increase in, 90 

— loss of, 49 

— proprioceptors and, 1G6 
Myelencephalon, 9 
Myelin sheath, ts 
Myosis, 137 


NeocerebelUim, 184, 187-189 
— experiments on. 188 


Neocerebellum, continued 

— region of, 188 
Neocortex, 278, 308 
— areas of, 309 

— cingular region of, 283 
— definition of, 279 

— frontal granular region of, 284 

— function of, 309 

— impulses received by, 265 

— insular region of. 284 

— lamina ganglionaris of. 281 
— lamina granularis externa of, 280 
— lamina granularis interna of, 280 
— lamina multiformis of, 28: 

— lamina pyramidali.s of, 280 
— lamina zonalis of. 280 
— occipital region of, 28^^ 

(unction of, 293 

— parietal region of, 284 

— postcentral region of, structure of, 285 

— postcentral tactile region of, 284 
— precentral region of, 284 
——-function of. 284 

— retrosplenial region of, 283 
— temporal region of. 284 
function of, 285 

— subgranular layers of, 281 
— supragranular laj^ers of, 281 
Keopallium, 12 
Neostriatum, 226, 228 
Neothalamus, 204 

Nerve. aMucent, 92 
—function of, 97 
Nerve, acoustic, 92, I43'i47 

diagram of connections of, iig 

divisions of, 96 

— bulbar, arrangement of, 92 
— ciliary, 256 

— circumflex axillary, section of, 50 
— ^cochlear, 92, 144. 154 

— cranial, 92-100 

— • — classification of, 92 

eleventh, 122 

lesions of, 99 

ninth, 122 

roots of, 93 

— — seventh, 122 
— ■ — tenth, 122 
■— — third, 122 
— cutaneous, fibers of, 27, 43 
—eighth, 112 
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Nerve, eighth, coiilititicil 

diagram of, 96 

injury of, 99 

medial division of, 14; 

vestilmlar division of, 142 

— eleventh, origin of, 102 

— facial, 92 

connections of, 94 

functional components of, 9^ 

— fifth, in, 129 

mesencephalic, 166 

section of roots of, 99 

— fourth, 162, 193 
— ganglia and, 41-51 
— glossopalatine, 92 

— glossopliaryngcal, 92 

functional components of, 95 

— greater splanchnic, orgin of, i^ 

— gustatory, 139 

— human vidian, section of, 97 
—hypoglossal, 92, ififi 
origin of, 93 

— intermediate, of Wrislierg. 92 

— lateral femoral cutaneous section of, 50 

— lesser splanchnic, formation of, 126 
—long ciliary, 129 

—lowest splanchnic, 126 
—maxillary, 129 
—muscular, fibers of, 44 
—motor fibers of, 28 
— ninth, III 

— — cutaneous fibers of, 112 
— — diagram of, 94 

Origin of, 102 

taste buds and, 139, 140 

— oculomotor, 92 

functional components of, 98 

— olfactory, 92 
functions of, 99 

— optic, 92, 24s, 262 

diagram of entrance of, 258 

special somatic afferent impulses 

conveyed by, 98 

— pelvic, 122, 136 

— petrosal, 129 
sensory, stimulation of, 132 

— seventh, iii, I54 

cutaneous fibers of, 112 

taste buds and, 139 

— sixth, 162 
nucleus of, 109 


Nerve, coitliititcd 
— spinal, 41, T27 

anterior division of, 43 

anterior motor roots of, 295 

divisions of, 43 

— — dorsal roots of, 76 
—posterior division of, 43 

section of anterior roots of, 49 

— — section of posterior root of, 50 
—section of sensory peripheral branch 
of, 50 

— -types of fibers of, 47 
— — scntral roots of, 7(1 
—spinal accessory, 92 
— —origin of, 94 
—ventral nucleus of, 107 
—tenth, HI, 1x2 
— — cutaneous fillers of, 112 
— iliagram of, 96 
— —origin of, 102 
—taste buds supplied by, 139, 140 
—terminal, 92 
— third. 162, 195. ipd 

alternating paralysis of, 199 

—proprioceptive fibers of, ipS 
— thoracic cardiac, 128 
— thoracolumbar autonomic, heart rate 
I and, 128 
I — trigeminus, 92, Ii2 
— — branches of, 98 
—central fibers of, 112 
—connections of, 94 
—trochlear, 92 
——origin of, 98 

— twelfth, formation of nucleus of, 109 

origin of, loi 

somatic efferent fibers of, 105 

— ulnar, funiculus of, 45 
section of, 44 

— vagus, 92 

cross section of, 47 

functional components of, 95 

origin of, 94 

section of, 48 

— vasomotor, on pulmonary arteries, 

132 

— vestibular, 92 

parts of, 144 

— \*idian, cross section of, 46 
— vomeronasal, 99 
— zygomaticotemporal, 129 



INDEX 


Nerve cells, bipolar, 20 
•—classes of, 4 

— multipolar, 20 

— nervous system and, 22 

— processes of length of, 28 
— types of, 20 

— unipolar, 20 

Nerve fibers, classification of, 23 

— myelinated, 23, 28 

— spinal cord, classes of, 

— umnyelinaterl, 23 
Nerve lesions, 49 
Nerve net, 2 

Nerve roots, section of posterior effects 
of, 49 

Nerve spindle, smooth muscle, 62 
Nerve trunk, common, formation of, 42 
— — section of, 5 ° 

— formation of, 45 

— peripheral, formation of, 26 
Nervous system, comparative anatomical 

method of studying, 37 
—development of, 6-16 

— extirpation method of studying. 40 

— gateways to. 299 

— Golgi method of studying, 38 

— histologic methods of studying, 38 

— impregnation methods of studying. 38 

— imravitam methylene blue method of 

studying, 38 

— 5 . 1 archi method of studying, 39 

— methods of studying, 37*40 

— Nissl method of studying, 39 

— peripheral, nerves and ganglia of, $1 
vi-«ceral system of, 122 

— physiologic methods of studying, 40 

— pyndine-silver method of studying, 38 

— reduced silver nitrate method of study- 

ing, 38 

— synaptic, 2 

— Weigert method of studying, 39 
Nervus erigens, 122 

Nervus terminalis, 99 
Neural crest, 12 
Neural groove, 6 
Neural plate. 6 

— embryonic, modifications of, 101 
Neural ridge, 6 

Neural tube, 6 

— differentiation of. 12 

— early st.ages of, 13 


Neurite, 17 

Neurobiotaxis, Kappers’ law of, tio 
Neuroblasts. 13, 30 
— development of, 15 

— processes from, 14 
NcutofibriUae, 19 
Neuroglia, 28-35 

— definition of, 28 

— functional differences, in types of, 35 
— subpiaf, 30 

— trigeminal, 99 

— types of. 31 
Neuromeres, 9 

Neuromuscular mechanism in sponges, 2 
Neuromuscular spindles, 28 
Neuron, diagram of. 18 

— function of, 5 

— intermetliate, 295 

— lower motor, 49. 75, 86, 295 
lesions of, 87 

— primitive sensory, 75 

— structure of, 17 
— upper motor, 86 
Neuron doctrine, 22 
Neuropore, anterior, 6 

— posterior, 6 
Neurotendinous spindles, 28 

Nissl, method of studying nervous system, 
39 

Nissl bodies, 17 

Nissl substance, 226 

Nodulus, in mammals, l6S 

— of cerebellum, 168 

Nucleus, amygdaloid, 224, 273, 300 

definition of, 224 

—anterior, 204 
— -arcuate, irg 
— — fibers from, rty 
— association, 204 

functions of, 208 

—basal, diagram of connections of, 231 
— Becluerew's 112 
— caudate. 226 

definition of, 226 

— • — fibers terminating in, 296 
— — function of, 226 

head of. 226 

tail of, 226 

— central, cells of, 195 
—of Perlla, 195 
—central caudal, 195 
333 
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Nerve, eiglitli, conlinucil 
— — -dlagrrini of, 96 
— • — -injury of, 99 
— —medial division of, 144 

-vestibubr division of, 142 

— eleventh, oriRin of, 102 

— facial, 92 

— —connections of, 94 
functional components of, 96 

— fifth, iir, 129 

•mesencephalic, i66 

section of roots of, 99 

— fourtli, 162, 193 

— RaiiRlia and, 41-5T 

— Rlossopalatine, 92 
— pIossopIiarjniReal, 92 

functional components of, 95 

— 'Preater splanchnic, orpin of, 126 

— pustatory, X39 

— human vidian, section of, 97 
— liypoplossal, 92, 166 
•orlpin of, 93 

— intermediate, of Wrisherp, 92 

— lateral femor.al cutaneous scctmii of. 50 
— lesser splanchnic, formation of, I2(> 

— lonp ciliary, 129 

— lowest splanchnic, 126 
— maxillary, 129 

— muscular, fibers of, 44 
motor fibers of, 28 

— ninth, 11 1 

—cutaneous fibers of, iia 

— — diagram of, 94 
origin of, 102 

taste buds and, 139, 140 

— oculomotor, 92 

functional components of, 98 

— olfactory, 92 
functions of, 99 

— optic, 92, 245, 262 

diagram of entrance of, 258 

special somatic afferent impulses ^ 

conveyed by, 98 

— pelvic, 122, 136 

— petrosal, 129 

— sensory, stimulation of, 132 

— seventh, Hi, iS 4 

cutaneous fibers of, 112 

taste buds and, 139 

— sixth, 162 
nucleus of, 109 


Nerve, coiiliitiicJ 
— spinal, 41, 127 
——anterior division of, 43 
— — anterior motor roots of, 295 
— — divisions of, 43 
— dorsal roots of. 76 
—posterior division of, 43 

section of anterior roots of, 49 

section of posterior root of, 50 

—section of sensory peripheral branch 
of, so 

—types of fibers of, 47 
— scntral roots of, 7(1 
— spinal accessor)', 92 
—origin of, 94 

ventral nucleus of, 107 

—tenth, in, 112 

cutaneous fibers of, 112 

— — diagram of, 96 
— —origin of, 102 

taste buds supplied by, 139, 140 

— terminal, 92 
— third, 162, 195, 196 
— — alternating paralysis of, 199 
— —proprioceptive fibers of, 195 
I — thoracic cardiac, 128 
—thoracolumbar aulonomlc, heart rate 
an<l. 128 

— trigeminus, 92, 112 
— —branches of, 98 

central fibers of, ti2 

—connections of, 94 
— trochlear, 92 
origin of, 98 

— twelfth, formation of nucleus of, 109 
origin of, loi 

somatic efferent fibers of, 105 

— ulnar, funiculus of, 45 
section of, 44 

— vagus, 92 

cross section of, 47 

functional components of, 95 

origin of, 94 

section of, 48 

— vasomotor, on pulmonary arteries, 

132 

— vestibular, 92 
parts of. 144 

— vidian, cross section of, 46 
— vomeronasal, 99 

— zygomaticotemporal, 129 
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Nucleus, supra-optic, coitliiiifcrf 

cells of, 213 

stimulation of, 216 

— thalamic, 204-210 

groups of, 204 

—third, 195 

— trochlear, multipolar cells of, 196 

— ventral, 107 

— of spinal accessory nen-e, 107 
— ventral cochlear. iCo 

fibers from, 161 

— ventral interstitial, 193 
— ventral tegmental, igr 
— ventromedial, location of, 213 
' — ventromedial hypothalamic, experimen- 
tal lesions of. 216 
stimulation of, 216 

— ventromedial supra-optic, 213 
vestibular, 151-153 

location of. 151 

medulla oblongata. 142 

Nucleus cuneatus, tog, 174 
Nucleus dentatus. 171, 182 
— path of, 182-183 
Nucleus (.lorsalis, 164, 173 
Nucleus emboliformis, 171 
Nucleus fasciculus cuneatus, t09. 164, 
166 

Nucleus fasciculus gracilis. 109, 151, 164, 
166 

Nucleus fastlgii, 171 
Nucleus globosus, 171 
Nucleus gracilis, 109, 174 
Nucleus mterpositus, 171, 182 
— path of, 1S2 
Nucleus perifornicalis, 214 
Nucleus ruber, 191 
Nucleus solitarius, 140 
Nucleus tubens. 214 

Nystagmus, fixation, lesions of pyramts 
and. 187 

— vestibular, 153 


Obex, formation of, 103 
Occipital lobe, lesions in, 262 
— results of removal of, 3t2 
Olfactory apparatus, 264-275 
Olfactory area, intermediate, 268 

anterior perforated substance of, 

268 


Olfactory area, coiifiniicd 

— lateral, 26S 

— medial, areas of, 275 

Olfactory bulb, 265 

— definition of, 266 

— section of, 271 

Olfactors' cells, 264 

Olfactory centers, connections of, 274 

— tertiary, 269 

Olfactory' epltlielium, cells of, 264 
Olfactory function, of archicortex and 
paleocortex. 30S 

Olfactory' gl.ands, secretion of, 264 
Olfactory' gyrus, l.tteral. 268 
Olfactory' membrane. 264 
Olfactory nerve, 264 

— fibers of, 264-265 

Olfactory organ, development of. 265 
Olfactory system. 220 
— habenular commissure and, 331 
Olfactory tract, 265 
•—definition of, 267 
Olfactory trigone, 265. 268 
Olfactory tubercle, 265, 268 
Olfactory vesicles, 264 
Olfactotegmental tract, 273 
Oligodendrocyte, 30, 31 
Oligodendroglia, function of, 33 

— subtypes of, 33 

Olive, accessory superior, 161 
— definition of, lot 
— inferior, cells of, 1/5, uS 

diagram of connections of, ti6 

• formation of, 115 

— peduncle of. formation of, 115 

— superior, i6t 

Opercuia, of insula of Reil. 219 
! Opisthotonus, removal of anterior lobe of 
corpus cerebelh causing, 186 
Optic chiasma, 200, 2ri 

— formation of, 211, 256 
— lesion of, 262 

in central part of, 262 

Optic cup, section showing formation oi 

343 

Optic nerve, dural sheath of, 245 
— 'head of, 245 
— 'lesion of, 262 
— -pial sheath of, 245 
Optic radiations, 20S, 239 
— corticofugal fibers of, 260 
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Nucleus, conlinucd 

— centromeclian, 204 
—cerebellar, cells of, 172 
— — formation of, 171 
— cortical relay, 204 

— Deiter’s, 89, 112 

— dentate, cells of, 175 
of cerebellum. 297 

— —See also Nucleus dcntatijs. 

— dorsal, 109 
—of raphe, 191 
—dorsal accessory, 115 
— dorsal cochlear, 160 
— —secondary fibers from, 161 
— dorsal tej^ental, igi 

— (lorsomedial, location of, 2T3 

— dorsomedial hypothalamic, experimen* 
tal lesions of, 2t6 
— — stimulation of, aid 

— Edinjjer-Westphal, 196 
function of, 196 

— entopeduncular, 210 

— eye muscle, 152 

— fastijjial, 131. 182 

— efferent connections of, 186 

— fifth, chief sensory, 151 

— fourth, ig6 

mesencephalic fifth type cells in, 196 

— pcneral visceral motor, tio 
— hypoglossal, 93 
— hypothalamic, 212 
diagram of, 212 

— inferior ohvary, iis 
-interpeduncular, 193 

— interpositus, 182 

— interstitial, of Cajal, 193 

— intralaminar, 204 

— lateral, 112, 152 

multipolar cells of, 195 

of Deiters, 151, 172 

— lateral posterior, function of, 208 

— lateral reticular, 174 
fibers from, 117 

— lateral ventral, 206 

— laterodorsal, 213 

— lateroventral, function of, 300 

— lentiform, 226 

subdivisions of, 226 

main oculomotor, muscles supplied hy, 

^95 . ^ 

— mammillary, intercalated, 214 


Nucleus, mammillary, coilwiicd 
—“•lateral, 214 

medial, 214 

— medial, 112,’ 152 
—of Schwalbe, 152 

subdivisions of, 195 

— medial accessory olivary, J15 
—medial dorsal, function of, 208 
— motor, 107-1 1 1 
— motor fiftli, iir 
— oculomolor, 193 
— siibnticlei of, 193 
— of Darkschewitsch, 193 
—of inferior colliculus, i6r 
—of medial longitudinal bundle, 193 
—of posterior commissure, 193 
— of trapezoid liody, t6t 

— paraventricular, 212 

— — carbohydrate metabolism and, 2i5 

elTcct of destruction of, 216 

— pontine, 183 
— posterior, 214 

-posterior hj'potlialamic, lesions of, 217 
—stimulation of, 216 
-posterior ventral, function of, 206 
— posteromedial ventral, function of, 300 
— posteroventral, function of, 300 
— preoptIc, 2t3 
I — red, 191 

cells of, 192 

fibers to, 192, 196 

—reticular subthalamic, 2ti 
' — reticulotefimenta), ipi 
— roof, 171 

— Schwalbe's, 112 

— sensory, Hi 
— sixth, 151 

— solitary, 140 

— somatic motor, 109 

— special visceral motor, no 

— spinal vestibular, 89, 112, 152 

— subtlialamic, 210 
— superior, ii2 

of Bechterew, 151, 172 

— superior central, 191 

— superior fifth, 168 

— superior olivary, 161, 184 

cells of, 161 

— superior salivary, 140 

— superior vestibular, 151 
— supra-optic, 212 
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plexus, coiiftmierf 

— hypogastric, thoracolumbar fibers in, 

12S 

— mternal carotid, 128, 129 

— myenteric, 135 

nerve cells of, 136 

origin of, 135 

— pelvic, thoracolumbar fibers in, 128 
— pulmonar}-, 128 

— — thoracolumbar fibers in. 128 

— submucosal, 135 

ganglia of, 136 

m esophagus, 135 

Polarity, 2 

poliomyelitis, anterior, 49 
Polyuria, lesions of supra-opllc nucleus 
and, 216 
Pons, 183-185 
^basilar part of, 184 

— definition of, 183 

— fibers of, origin of. 185 
— lesions of, 117-121 

— parts of, 183 

— tegmentum of, 183 
premotor area, function of. 295 
Pressure, intragastric, reduced, 216 
Pretectal region, 262 
proprioceptive fibers, 28 
Proprioceptive sense, loss of, 90 
Proprioceptive system, function of cere- 
bellum in, 183 

Proprioceptors, 52, 98. 164-167 

— eye, function of, 166 

— function of, 52, 164 

— in external eye muscles, 166 

— in spinal cord, 164 

— muscle tonus maintained by, 166 

— of mesencepbalic fifth tract, 166 

— tongue, function of, 166 
Prosencephalon. See Forebram. 
Protoneurons, 2 

Protoplasm, characteristics of, 1 
Protozoa, functions of, i 
Ptosis. 137, 198 
Puberty, epiphysis and, 203 
Pulvmar, function of, 208 
Pupil, 262 

— contraction of, 262 
stimuli causing, 196 

— dilatation of, 216, 262 
Purkinje cells, 177, 186 


Putamen, 226 
— definition of, 228 

Pyramidal system, area 4 of. function of. 

297 

— injury to, 296-297 
Pyramids, decussation of, loi, 106 
Pyramis, 170, 171, 182 

— dorsal spinocerebellar tract in, 174 
— effect of removal of, 186 
— electrical stimulation of, 187 
Pyriform are.i, 265 

— function of, 269 


Rami, ascending, 151 
— descending, 151 

— gray communicating, 45, 126 
— white communicating, 45 

■Ratnon y Cajal, method of studying nctv- 
ous system, 38 
Ramus anterior, 144 
Ramus posterior, 144 
Ranson, mctliod of studying nervous sys- 
tem, 38 

Raphe. dors.al nucleus of. 191 
Reaction, avoiding, 75 
—coil. 75 
Receptors, 52-63 

— cl.tssification of, 52 

— cold. 56 

— definition of, 53 

— function of, 4 

— olfactory', 62 
—pain. 54 

— tactile. 55 

— visceral afferent, 62 
Recess, preoptive, 211 
Reflex, acceleratory. 153 
— acoustic, 14G, 304 

— auditory, centers of, 194, 195 

— autonomic, removal of cerebral cortex 
and, 214 

, — Babinski, 87, 91 
— conditioned, cerebral cortex and, 304 
I — deep, loss of, 49 
— exaggerated, tai 
— extensor, 89 
— first appearance of, 76 

— flexion, 87 

— flexor, Babinski, 89 
— light, loss of. 198 
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Optic system, 242-263 

— central connections of, 256-262 
— flefinition of, 242 

Optic tract, 259 

— lateral root of, 259 
— lesion of, 262 

— medial root of, 259 
Optic visual paths, 2C0 
Ora serrata, 243 
Orfrans, ncurotcnclinous, 61 

Otic vesicle, early development^ of, 144 
Otoconia, 15 1 

Oxygen, scarcity of, in blood, 131 


Pacchionian bodies, 241 

Pain, effect of cortex on severity of, 301 

— nerve root injury and, 49 

— referred, too 

visceral afferent impulses and, 122 

Palate, taste buds of, 140 
Paleocerebellum, 187-189 

— parts of, 188 
Paleocortex, 278, 308 
—definition o^ 278 

— olfactory, amygdaloid nucleus from, 

224 

— — function of, 308 
Paleostriatum, 226 

Paleothalamus, nuclei of, functions of, 
204 

Pallium, 219 
Palsy, Bell’s, 99 

Pal-Weigert metliod of studying nervous 
system, 39 
Paraflocculus, 171 

— connections of, 187 

— efferent fibers of, 187 

— origin of, 187 

Paralysis, alternating, hypoglossal, 121 

of extremities, 119 

of third nerve, 198 

— bilateral spastic, gi 

— facial nerve, 99 

— flaccid motor, 49, 50 

— infantile, 49 

— motor, 50 

destruction of motor cortex and, 

30s 

thalamic lesions and, 301 

— one-sided, 121 


Paralysis, continued 
—sensory, 198 
— spastic, 90, 198 
—vasomotor, 49 

Paralysis agitant, juvenile, degeneration 
of glolnis pallidus and, 226 
Parasynipatlictlc system, 122 
Paraterminal area, 265 
F^arotnoecitim, 1 
Pars Imccalis, 217 
Pars caeca, 242 

Pars infundihularis, nuclei of, 213 

Pars nervosa, 217 

Pars optica, 243 

Pars optica hypothalami, 219 

Pars supra-opticus, nuclei of, 212 

Pawlo^v, experiments on cerebral cortex 

of. 304 

Peduncle, cerebral, divisions of, 190 
— inferior cerebellar, 102, 117, rya 
— middle cerebellar, 174. 183 
— of cerebellum, 168 
— 5 “fc also Basis pedunculL 
Pcnfield. experiments on motor cortex of, 

305 

PerichorloHlal space, 250 
Perikaryon, cliaractcristics of, 17 - _ 

' — size of, 28 
Perilymph, 147, 148, 158 
— vibration waves in, r6o 
Perineurium, 27 
Periosteum, internal, 147, 148 
Peristalsis, increased, 216 

— inhibition of, 216 

— loss of, 216-217 ' 

Perlia, central nucleus of, 193 
Pes pedunculi, 198 
Phenomena, sliam rage, 217 
Pliotoreceptors, 253 
Phototropism, i 

Pia mater, definition of, 69 
Pineal body. Sec Epiphysis. 

Pituitary body. See Hypophysis. 

Placode, optic, 242 

Plexus, cardiac, thoracolumbar fibers in, 
128 

— celiac, tlioracolumbar fibers in, 128 
— chorioid, 200 

diagram of, 237 

of fourth ventricle, 102 

— enteric, T35-I37 
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Plexus, coiifiimcd 

— hypogastric, thoracolumhar fibers m, 
128 

— internal carotid, raS, icq 

— myenteric, 135 

nerve cells of. 136 

origin of. 135 

— peb'ic. thoracolumbar fibers in, 128 

— pulmonary, 128 

thoracolumbar fibers in, 12S 

— submucosal, 135 

ganglia of, 136 

m esophagus, 135 

Polarity, 2 

Poljomyelitis, anterior, 49 
Polyuria, lesions of supra-optlc nucleus 
and, 216 
Pons, 183-185 
— basilar part of, 184 

— definition of, 183 

— fibers of, origin of. 185 
— lesions of. 117-121 

— parts of, 183 

— tegmentum of, 183 
Premotor area, function of, 295 
pressure, intr.agastric, reduced, aiG 
Pretectal region, 262 
Proprioceptive fibers, 28 
Proprioceptive sense, loss of, 90 
Proprioceptive system, function of cere- 
bellum in, 185 

Proprioceptors, 52, 98, 164*167 

— eye. function of, 166 

— function of, 52, 164 

— in external eye muscles, 166 

— in spinal cord, 164 

— muscle tonus maintained by, 166 

— of mesencephalic fifth tract, 166 
— tongue, function of, 166 
Prosencephalon. See Forebram. 
Protoneurons, 2 

Protoplasm, characteristics of, 1 
Protozoa, functions of, i 
Ptosis, 137, 198 
Puberty, epiphysis and, 203 
Pulvinnr. function of, 208 
Pupil, 262 

— contraction of, 262 
stimuli causing, 196 

— dilatation of, 3i6, 262 
Purkinje cells, 177, 186 


Putamen, 226 
— definition of, 228 

Pyramidal system, area 4 of, function of, 
297 

— injury to, 296-297 
Pyramids, decussation of, loi, 106 
Pyramis, 170, 171, 182 
— dorsal spinocerebellar tract in, 174 
— effect of removal of, 186 
— electrical stimulation of, 187 
Pyriform area, 265 
— function of, 269 


Rami, ascending, 151 
— ilescendtng. 151 

— gray communicating, 45, 126 
— 'White communicating, 45 

Ramon y Cajal, method of studying nerv- 
ous system. 38 
Ramus anterior. 144 
Ramus posterior, 144 
Ranson, method of studying nervous sys- 
tem, 38 

Raphe, dorsal nucleus of, 191 
Reaction, avoiding, 75 
—coil, 75 
Receptors, 52-63 
— classification of, $2 

— cold. 56 
—definition of, 52 

— function of, 4 

— olfactory, 62 

— pain. 54 

— tactile. 55 

— visceral afferent, 62 
Recess, preoptive, air 
Reflex, acceleratory, 153 
— acoustic, 146. 304 

— auditory, centers of, 194, 195 
— autonomic, removal of cerebral cortex 
and, 214 

— ^Bahinski, 87, gr 

—conditioned, cerebral cortex and, 304 
- — deep, loss of, 49 
— exaggeratefl. I2r 
— extensor, 89 

— fir<^ appearance of, 76 
I — flexion, 87 

—flexor, Babinski, 89 
' — light, loss of, 
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Reflex, continued 

— loss of, section of spinal nerve and, 50 

— optic, centers of, 193 
— positional, 153 
—-pupillary, 261 

— stretch, 166 
-—superficial, loss of, 49 
— tactile, 304 
— tendon, cxaRKcraied. 91 
— vestibular, 142, 146 
— -visceral, return of, after section of 
spinal cord, 90 
— visrial, 304 
Reflex arc, 5 
Reflex mechanisms, 75-76 
Rcil, island of, 219 
Rcissner's membrane, 147, 156 
Remak% unmyelinated fibers of, 46 
Respiration, rate of, 131 

increased, 216 

Respiratory center, 131 
Retina, adult, layers of, 231 
—bipolar cells of, 255 
— blood supply of, 356 
—cone cells of, 254 

— early development of, 244 
—external limiting: membrane of. 252 

— functional elements of, 232 
— ganglion cells of, 252, 235 
— horizontal cells of, 235 
-inner nuclear of, 232 

— inner plexlform of, 252 

— internal limiting membrane of, 252 

— nerve fibers of, 232 

— nervous layer of, 245 

— neuroglial cells of, 252 

— number of rods in, 254 

— origin of, 242 

— outer nuclear of, 232 

— outer plexiform of, 252 

— pigmented epithelium of, 251 

— projection of, 208 

— radial fibers of, 252 

— rod cells of, 254 

— rods and cones of, 252 

— schematic section of, 253 

— vertical section of, 252 
Rhinal fissure, 269 

Rhinencephalon, 222, 265-275 

Rhodopsin, 2 S 4 
Rhombercenhalon. 10. 168 


Rhombencephalon, confinucd • 

— tegmentum of pons and, 184 
—trigeminal fibers of, 168 
— i'cf also Hindbrain. 

Rhomboid fossa, 236 

Rigidity, decerebrate, 152, 186 

Rohon-Ileard cells, 73 

Rolando, gelatinous, substance of, 72, in 

Roof plate, 8 

Rostrum, 221 

—of corpus callosum, 228 

Riiflim, corpuscles of, 57 

Rufiini's end-organ, 57 

Russell, uncinate bundle of, 175 

origin of, 175 


Saccule, 142 
—location of, 149 
— macula acustica of, 149, 151 
— of membranous labyrintli. 148. 149 
Salamander, special somatic afTercnt col- 
umn in, 112 

Satellites, perineural, 35 
— perineuronal, 33 
— perivascular, 33, 35 
Scala tympani, 147, ISS, 158 
1 —vibration waves and, iCo 
I Scala vestibuli, 147, 158 
; —perilymph of, vibration waves in, 160 
Scarpa, ganglion of, 96, 142 
—vestibular ganglion of, 143 
Schlemm, canal of, 246, 250, 256 
Schultze, comma bundle of, 79, 83 
Sciwalbe's nucleus, 112, 152 
Schwann, sheath of, cells of, 30 

origin of, 33-35 ^ 

Sclera, 246 

— external surface of, 247 
— junction between cornea and, 246 
— lamina ciibrosa of, 246 

— sinus venosus of, 246, 250 
Sclerosis, combined, 91 

— posterior spinal, changes in, 90 
— primary lateral, cause of, 91 
Secretion, gastric, stimulation of, 140 
Sensation, diminished, in thalamic syn- 
drome, 301 

— loss of, section of common nerve trunk 
and, SO 

section of spinal. nerve and, 50 
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Sensation, continued 

— patn, 77 

— somatic, loss of, 50 

— tactile, pathway for, 84 

— temperature, patliway of, 85 

visceral afferent, loss of, 50 

Sense organs, gustatory, 63 

— olfactory, 62 
Sensibility, epicritic, 80 

— tactile, 54 
Sensory system, 52 
Septum, transverse, 150 
Septum pellucidum, 221 
Sherrington, receptor defined by, 52 
Sherrington’s "release phenomenon,” 152 
Shock, spinal, section of spinal cord and, 

89 

Sinus, inferior, 149 

— superior, 149 
Sitotropism, positive, 1 
Skin, anesthesia of, 49, 50 

— trophic changes in, 49 
Sluder’s syndrome, 100 
Smell, organ of, 264 
Sneezing, 132 
Somaesthetic group, 204 
Somatic afferent system, 52 
Somatic system, 4t 
Speech center, Broca’s, 306 
Spinal arachnoid sac, 69 
Spinal cord, 70-71 

— anterior column of, gray matter of, 74 
— anterior median fissure of, 71 
—anterolateral column of cells of, 74 
—anteromedial column of cells of, 74 

— central column of, 74 

— central gelatinous substance of, 74 

— complete section of, results of, 89 
— composition of, 76 

—cross section of, 72, 79, 109 

— development of, 67 
• — diagram of, 68, 71 

— fiber tracts of, 76 

— gray matter of, 71 

— hemisection of, results of, 90 
— hemorrhage within, 90 

— impulses transformed by, 299 

— intermediolateral column of cells of, 

75 

— internal structure of, 71-75 

— lateral column of, gray matter of, 75 


Spinal cord, continued 
— lesions of, 89 
— lower cervical, 81 
— lower sacral, 83 
— lumbar, 82 
— nucleus dorsalis of, 73 
— nucleus proprius of, posterior column 
of, 73 

— posterior columns of, 72 

— posterior intermediate sulcus, 71 
— posterior median septum of, 71 
— posterolateral column of, 74 

— posterolateral sulcus of, 71 

— proprioceptive tracts in, 164 

— reflex arcs in, 78 

— reflex functions of, 89 

— reticular formation of, 72 

— retroposterolateral column of, 74 
— sacral, 83 

— section of, in upper cervical region, 
80 

— upper thoracic, 83 

— white matter of, 71 

Spinal lemniscus, 79 

Spinal nerve, diagram of, 42 

Spinal nerve roots, diagram of, 71 

Spindles, neuromuscular, 58 

Spinocerebellar tracts, diagram of, 88 

Splenium, 221, 228 

Sponges, effector tissue in, 2 

Spongioblast, 13 

— definition of, 30 

Stabilization, muscular, 226 

Stalk, optic, formation of, 242 

Stapedius, 154 

Stapes, 154 

Stimuli, diffusion of, 127 
— exteroceptive, 300 

— proprioceptive, 169, 173, 300 
cerebellum and, 185 

— somatic olfactorj', center for, 201 
— special vestibular, 169 
Stratum album niediale, 194 
Stratum album periventriculare, 194 
Stratum album profundum, 194 
Stratum griseum mediale, 194 
Stratum griseum periventriculare, 194 
Stratum griseum profundum, 194 
Stratum griseum superficiale, 194 
Stratum opticum, 194 
Stratum zonale, 194 
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Reflex, conliiiucd 

— loss of, section of spinal nerve and, 50 

— optic, centers of, 193 

— positional, 153 

— pupillary, 261 
— stretch, 1C6 
—superficial, loss of, 49 
— tactile, 304 

— tendon, exasperated, 91 

— vestibular, 142, 14G 

— visceral, return of, after section of 
spinal cord, go 

— visual, 304 
Reflex arc, 5 

Reflex mechanisms, 75-76 
Reil, island of, 219 
Reissner's membrane, 147, 156 
Rcmak, unmyelinated fibers of, 46 
Respiration, rate of, 131 
— —increased, 216 ’ 

Respiratory center, 131 
Retina, adult, layers of, 251 
— bipolar ceils of, 235 
— blood supply of, 256 

— cone cells of, 234 
—early development of, 244 

— external Umitlnp membrane of, 252 

— functional elements of, 232 

— panplion cells of, 252, 233 

— horizontal cells of, 233 

— inner nuclear of, 252 

— inner plextform of, 252 

— internal limiting membrane of, 252 

— nerve fibers of, 252 

— nervous layer of, 243 

— neuroglial cells of, 252 

— number of rods in, 254 

— origin of, 242 

— outer nuclear of, 252 

— outer plexiform of, 252 

— pigmented ephhelium of, 251 

— projection of, 208 

— radial fibers of, 252 

— rod cells of, 254 

— rods and cones of, 252 

— schematic section of, 253 

— vertical section of, 252 
Rhinal fissure, 269 

Rhinencephalon, 222, 265:275 

Rhodopsin, 254 

Rhombencepl ' "" 


Rhombencephalon, covlhiiicd 
— tegmentum of pons and, 184 
— trigeminal fibers of, 168 
—Sec also Hindbrain. 

Rhomboid fossa, 236 

Rigidity, decerebrate, 152, 186 

Rolion-Bcard cells, 75 

Rolando, gelatinous, substance of, 72, iir 

Roof plate, 8 

Roslntm, 221 

— of corpus callosum, 228 

RulTmi, corpuscles of, 57 

Ruflini’s end-organ, 57 

Russell, uncinate bundle of, 175 

origin of, 175 


Saccule, 142 
— location of, 149 
— macula acustica of, T49, 151 

— of membranous labyrinth, 148, 149 
Salamander, special somatic afTerent col- 
umn In, 1 12 

Satellites, perineural, 35 
— perlneuronal, 33 
— perivascular, 33, 35 
Scala tympani, 147, 153, 158 
— sibration wares and, 16a 
Scala vestibuli, 147, 138 
—perilymph of, vibration waves in, 160 
Scarpa, ganglion of, 96, 142 
—vestibular ganglion of, 143 
Schlemm, canal of, 246, 250, 256 
Schultze, comma bundle of, 79, 83 
Scinvalbe's nucleus, 112, 132 
Schwann, slieath of, cells of, 30 

origin of, 33*35 

Sclera, 246 

— external surface of, 247 
— junction between cornea and, 246 

— lamina cribrosa of, 246 

— sinus venosus of, 246, 230 
Sclerosis, combined, 91 

— posterior spinal, changes in, 90 

— primary lateral, cause of, 91 
Secretion, gastric, stimulation of, 140 
Sensation, diminished, in thalamic syn- i>- 

drome, 301 

— loss of, section of common nerve trunk 
and, so 

r>f cnlnnl tiprv#. qnd, $0 
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Terminasions en grappes, 64 
Terminations, general visceral efferent, 

65 

— special visceral efferent, 66 
Tlialamus, 166, 200, 203-210 

— dorsal, function of, in higher verte- 

brates, 204 

in urodeles, 204 

— functions of, 299-301 
summary of, 301 

— impulses received by, 301 

— inferior colliculus of, 161 

— lateral, 12 

— lesions of, symptoms of, 301 

— medial geniculate body of, 161 

— medullary stria of, 201 

fibers of, 201 

— nerve fibers from spinal cord to, 

299 

— parts of, 204 

— selective function of, 300 

— stria terminalis of, 232 

— structure of, 300 

—transverse section through, 21 1, 213 

— \entral, 200 

function of, in urodeles, 204 

—‘—Sec also Subthalamus 
Thigmotropism, i 
Tongue, muscle spindles of, 166 
Tonus, bladder, 216 

— increased, 216 
Tract, bulbothalamic, 198 

— central sensory fifth, 198 

— cerebellorubral, 297 

— cerebellothalamic, 297 
— ccrebellovestibular, 175 

— corticobulbar, 185, 293 
fibers of, 293 

— corticopontine, 185 

— corticospinal, 83, 185, 198 

— descending. 83-89 

— dorsolateral, 77 

— dorsal secondary fifth, 115 

— dorsal spinocerebellar, 81, 117 164 

i6S, 173 

origin of, 173 

— fastigiobulbar, 176 

— frontopontile, 198 
formation of, 297 

— Gower’s, 173 

— iiabenulo-mterpeduncular, 201 


Tract, continued 
— liabenulopeduncular, 193 

— intermediate spinocerebellar, 81, 173 
— lateral corticobulbar, 198 

— lateral corticospinal, 84, 293 
— lateral pyramidal, 84 

degenerative changes in, 91 

— lateral spinothalamic, 77 
— lateral tectospinal, 87 
— lateral vestibulospinal, 89, 152 
— niammillopeduncular, 193 
— niaminillotlialamic, origin of, 212 

— medial corticobulbar, 198 
— nucleocerebellar, 152 

— olivocerebellar, 115 

— oIi\'ospinaI, 88 

— optic, 193 

— pallidonigral, 198 

— pedunculotegmental, 193 

— proprius, 82 

— pyramidal, 83, 293 
— rcticulobulbar, ipr 

— reticulospinal, 89, 191 

— rubrospinal, 87, 197 

formation of, 192 

— septomarginal, 83 
— solitariospinal, 131 

— solitary, nucleus of, iii 
““ — of medulla oblongata, 111 

— spinal, 175 

—spinal Vth, nucleus of, iit 
— spinocerebellar, 80 
anterior, 80 

— spino-olivary, 82 
— spinoreticular, 78 
— spinotectal, 81 

— spinothalamic, 77, 198 
— subthalamonigral, 210 
— sulcomarginal, 83 

— tectobullar, 195, 197 

— tectonigral, 195 
— tectopontine, 193 
—tectospinal. 87, 117, 194, 195, 197 

— temporopontile, 198 
formation of, 297 

— ventral corticospinal, 85, 293 
— ventral pyramidal, 85 
— ventral secondary trigeminal, 114 
— \entral spinocerebellar, 164, 173 
origin of, 173 

ventral spinothalamic, 78, 117 
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Stria, lateral longitudinal, 221, 232 

— medial, 232 

— medial longiiiidtnal, 221 
Striae nicdtjUans acusticac, x6f 
Stria Lancisii, 221, 269 
Striate body, 224 

— efferent fibers from, 228 
—See also Corpus striatum. 

Stria terminalis, definition of, 226 
Strychnine, neuromuscular stimulation 

from, 4 

Subarachnoid space, 69, 241 
—diagram of, 240 
—of cranial cavity, 239 
Subdural fluid, 239 
Subdural space, 69 
Scibictilum, 2yt 

— tectoccrebellar fibers in, 174' 
Subnucleus, anterior dorsal, 195 
—anterior vcnfral, 195 
— posterior dorsal, 195 

— posterior ventral, 195 
Substantia nigra, cells of, 192 
— connections of, 192 

— fibers terminating in, 29G 
Subthalamus, 200 

— location of, 2io 

Sulcus, anterolateral, of medulla ob< 
longata, toi 

— posterior intermediate, 102 

— posterior lateral, 102 
Sulcus limitans, 8, 104 

— rostral terminus of, 200 
Superior colliculus, functions of, 261 
Supporting cells, 264 
Suprachorioid, definition of, 250 
Sustentacular cells, 264 

Sylvius, aqueduct of, 9, loi, 190, 195, 

234 

— fissure of. 219 

first appearance of, 220 

Sympathetic system, 51 

— diagram of, 123 

Sympatlietic system. See also Visceral 
system 

Sympathetic trunk, preganglionic fibers 
in, 126 
Synapse, 3 

— definition of, 21 
Syndrome, adiposogenital, 216 

— Benedikt’s, 198 


Syndrome, conliiwcd 
— ccrcliral peduncle, 198 

— Dejerine-Knussy’s, 301 

— Crmdcnlgo's, 100 

— Horncr’i., 137 

— spticnopalaline, 100 
—thalamic, 301 
— Wchcr’s, 198 
Synergy, 296 
—extensor, 296 
— cxtrapyramidal, 297 

— flexor, 296 

Syringomyelia, definition of, 90 
System, somatic. See Somatic system, 
—somatic alTcrcnt. See Somatic afferent 
system. 

— vestibular. See Vestibular app.ira(us. 

— •visceral. See Visceral system, 
-visceral afferent. See Visceral afferent 
system. 


Tabes dorsalis, cliangcs in, 90 

—loss of proprioceptive Impulses in, 167 

Taenia ibalami, 200 

Tapetunj, 229, 251 

Taste, 139 

— four sensations of, 139 

— function of, J39 
Taste bud, 63 
—description of, 139 
— of cat-fisb, 37 
Tectobulbar tract, 261 
Tectospinal tract, 261 
Tegmentum, 190 

— cells of, 190 
— -formation of, 190 
Tela chorioidea, 102, 200, 237 
Telencephalon, definition of, 219 

— formation of, 12 

— origin of, 219 

— Uiird ventricle in, 234 
Telodendrites, 266 

Temperature, increased, in beraisection of 
spinal cord, 90 

Temporal lobe, auditory area of, 313 
— — stimulation of, 313 
Tenon, capsule of, 245 
— -space of, 256 

Tension, in paralyzed muscle, 166 
Tensor tympani, 154 
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Terminasions en grappes, 64 
Terminations, general visceral efferent, 

65 

— special visceral efferent, 66 
Thalamus, 166, 200, 203-210 

— dorsal, function of, in higher verte- 

brates, 204 

'in urodeles, 204 

— functions of. 299-301 

summary of, 301 

— impulses received by, 301 

— inferior colliculus of, 161 

— lateral, 12 

— lesions of, symptoms of, 301 
— medial geniculate body of, 161 

— medullary stria of, 201 
-fibers of, 201 

— nerve fibers from spinal cord to, 

299 

—•parts of, 204 

— selective function of, 300 

— stria terminalis of, 232 

— structure of, 300 

— transverse section through, 211, 213 

— ventral, 200 

— — function of, in urodeles, 204 

-See also Subtlialamus. 

Thigmotropism, i 

Tongue, muscle spindles of, 166 
Tonus, bladder, 216 

— increased, 216 
Tract, bulbothalamic. 19S 

— central sensory fiftii, 198 

— cerebellorubral, 297 

— cerebellotiialamic, 297 

— cerebellovestibular, 175 

— corticobulbar, 185, 293 
fibers of, 293 

— corticopontine. 185 

— corticospinal, 83, 185, 198 

— descending, 83-89 

— dorsolateral, 77 

— dorsal secondary fifth, 115 

— dorsal spinocerebellar, 81, II7, 164, 

l6s. 173 

origin of, 173 

— fastigiobulbar, 176 

— frontopontile, 198 
formation of, 297 

— Gower’s, 173 

— liabenulo-mterpeduncular, 201 


Tract, continued 
— habenulopeduncular, 193 
—intermediate spinocerebellar, 81, i 
— lateral corticobulbar, 198 
— lateral corticospinal, 84, 293 
— lateral pyramidal, 84 

degenerative changes in, 91 

— lateral spinothalamic, 77 
— lateral tectospinal, 87 
— lateral vestibulospinal, 89. 152 
— mammillopeduncular, 193 
— mammillothalamic, origin of, 212 

— medial corticobulbar, 198 
— nucleocerebellar, 152 

— olivocerebellar, 115 
— olivospinal, 88 

— optic, 193 

— pallidonigral, 198 

— pedunculotegmental, 193 

— proprius, 82 

— pyramidal, 83, 293 

— reticulobulbar, ipr 

— reticulospinal, 89, 191 

— rubrospinal, 87, 197 
formation of, 192 

— septomarginal, 83 

— solitariosplnal, 131 

— solitary, nucleus of, iti 
— of medulla oblongata, iii 

— spinal, 175 

— spinal Vth, nucleus of, 111 
— spinocerebellar, 80 
— — anterior, 80 

— spino-oUvary, 83 

— spinoreticular, 78 
— spinotectal, 8r 

— spinothalamic, 77, 198 
— subthalamonigral, 210 
— sulcomarginal, 83 

— tectobullar, 195, 197 
— tectonigral, 193 

— tcctopontine, 193 
— tectospinal, 87, 117, 194, 195, 197 
— temporopontile, 

formation of, 297 

— ventral corticospinal, 85, 293 
— ventral pyramidal, 85 
— ventral secondary trigeminal, 114 
— ventral spinocerebellar, 164, 173 

— — origin of, 173 

— ventral spinothalamic, 78, 117 
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Tract, cottfinucd 
— ventral vestibulospinal, 152 
—vestibulospinal, 88 
Tremor, cerebellar, cause of, 188 
—muscular, 198 
TriReminus nerve, 112 
Trigone, habenular, 201 
— —definition of, 201 
Trigonum hypoglossi, 109 
Tropism, i 
—definition of, i 

— negative, i 

Trunk, of corpus callosum, 228 
Tube, digestive, 135, 136 

plexuses of, 135 

movements of, 136 

sympathetic fibers of, 136 

Tuber cinereum, 21 1 
— dorsal nucleus of, stimulation of, 216 

— medial part of, stimulation of, 216 

— stimulation of, 216 
Tubercle, cuneate, 109 
Tuberculum cinereum. 102 
Tubercuium cuneatum, to2 
Tunica propia, formation of, 2C4 
—of olfactory membrane, 264 
Tympanum, epithelial layers of, 154 
— flaccid part of, 154 

— function of, 154 
—malleus attached to, 155 
— sibrations of, 155 


Umbo, 154 
Uncus, 300 

Urodeles, dorsal thalamus in, function of, 
204 

Utricle, 142 

— location of, 149 

— macula acustica of, 149. iS* 

— of membranous labyrinth, 148, 149 

— recess of, 149 
Utriculosaccular duct, 149 

Uvula, 151, 170. 17I' ^82 

— dorsal spinocerebellar tract in, 174 

— function of, 186 
— lesions of, 186 
results of, 185 

— termination of vestibular root fibers in, 

172 

vestibulocerebellar fibers m, 172 


Vagus, sectioning, heart rate and. 133 
— See also Ncr\'e, vagus. 
Vasoconstriction, 217 
Vasodilators. 134 

Vasomotor fillers, paralysis of, in hemi- 
section of spinal cord, 90 
Vasomotor phenomena. 133 
Vatcr, corpuscles of, 55 
Velum, anterior medullary, 103. 193 
— posterior medullary, 103 
Velum interposltum, 237 
Ventral root fibers, 42 
Ventricles, definition of, 234 
— dorsal view of cast of, 233 
—embryonic, lot 

— fifth, 222 

— fourth, 9, loi, 234 

— — chorioid plexus of, 102, 238 
— — description of, 236 

floor of, 102 

gray matter of, 197 

locus cacrulcus, 197 

— — trigeminal commissure over, 16S 
— lateral, 9, 2x9, 234 
—anterior horn of, 234 
— — body of, 234 
—chorioid plexus in, 237 
——divisions of, 234 
— —inferior horn of, 235 

pars centralis of, 234 

— — posterior horn ot 235 
—lateral view of cast of, 236 

— third, 9 

chorioid tela of, 237 

definition of, 233 

in dicncephalon, 234 

location of, 200 

optic recess of, 200 

pineal recess of, 201 

Ventriculography, 241 
Vermis, 171 

— posterior, function of, 187 
— units of, 188 

Vesicle, optic, formation of, 242 

• invagination of, 242 

— otic, foundation of, 142 

labyrinthine recess of, 142 

Vestibular apparatus, 142-153 

— bony labyrinth of, 147 
— end organs of, 142, 147 

— flocculonodular lobe and, 1S5 


342 



INDEX 


Vestibular apparatus, couliniicd 

— function of, 142 
Vestibularis, of acoustic nerve, 96 
Vestibular nystagmus, 153 
Vibration, rate of, 160 

Viq d’Azyr, bundle of, origin of, 212 

Vidian canal, 129 

Visceral afferent system, 53, 122 

— special, 62, 139 
Visceral efferent system, 122 

— cranial, 130 

— craniosacral divisions of, 122 

— divisions of, 122 

— sacral, functions of, 130 
Visceral system, 122-138 

— autonomic division of, 125 

— function of, 122 

— craniosacral division of, 130 
function of, 130 

— respiratory mechanism of, 131 

— thoracolumbar division of, 125 

cervical ganglia of, 125 

function of, 127 

Vision, double, 198 

— stereoscopic, pulvinar and, 210 


Visual purple, regeneration of, 254 
Visual system. See Optic system. 


Waldeyer, neuron doctrine of, 23 
Weber’s syndrome, 19S 
Weigert method of studying nervous sys- 
tem, 39 

WHiite matter, systems of, 228 
Window, oval, 148, 155 
— round, 155 
Word-blindness, 316 
— cortical, 316 
Word-deafness, 315 

Wrisberg, intermediate nerve of, 92, 97, 
>39 


Yellow spot, 256 


Zona incerta, 210 
—location of, 210 
Zone, compact, 192 
— reticular, 192 
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